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This thesis describes tha English explanation facility of tha OWL Digitalis Advisor, a 
program designed to advise physician* regarding olgMaNa tharapy. Tha program is written in 
OWL, an English-based computer language betng deveteped at MIT. tha system can explain, in 
English, both tha methods it usas and how those methods were appNad during a particular 
session. In addition, tha program can axplain how it acojuiras information and tall tho uaar 
how it daalc with that information either in ganartl or during a particular sassion. 

Most explanations ara producad directly from tha coda used in prescribing digitalis and 
from information which is generated by tha OWL interpreter at it runs. Tha ability of tho 
program to translate its internal structure to an English e xp la na tion is provided by structuring 
the program using Semantic Modal Progra m mi n g . Each OWL procedure attempts to represent a 
single concept or idea that should be meaningful to the physician using the system. By 
organizing the program in this way, tha explanations produced by the system tend to relate 
well to ideas with which the physician is already acquainted 

In many current systems which ask the user a series of questions, a problem occurs if 
the user wishes to change his answer to a previous question. These systems accept the 
change, but must recompute ell the results computed subs equ en t to that question to insure 
thet none of them are affected Clearly, this may involve a considerable amount of 
unnecessary recomputetion. By using OWL, wo obtain tha data structures necessary to avoid 
this problem. An algorithm is described that allows the system to accept a changed answer 
without recomputing aN prior results. This process is ceded updating. The updating algorithm 
presented here also allows the system to provide concise explanations of tho effects of the 
changed answer. 
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Ch^tv 1: Wrodudion 

Tha ctacumtnftinn of f*o§ramt (fir tha Jack of § ; Jt, |,fpp*lam that cf^tinupa to $m 
troubloaoma. Exiting documantation it fraajmnMy e**)^ bf ^^J ** 

obtain, and ofton can arty ba ccm prahtndad by pthac pr^ammar*. , . , 

TNa probtam axitU for • i*«Ur of rtatont. OpcyajiwjUtJon »• ottw wr^jnjy ta an 

attar-thought, aftar a tyajam. hjt ,bjan mi^MMi^m^'HtimSimfrH ^ £# "* 
batwoon tha tyttam and its documantation. Thw, changat in tha ayatam ara not raflactad in 
tha documantation unlaaa tha programmar ramambars to maha thaw. Tha documantation ia 
alao fraquantly phyateatty taparatad from tha ayatam, to that a uaar "Hwajr ? 'nbt v navo 
documantation avaitabla whan ha withat to uaa tha ayatam. Soma programmort try to 
documant tha coda thay produca by using mnamonic namat for varfaWat ahOrocoHoria, yoi 
auch documantation remains unayaUaWa tpnp^O|ra|miar%; . 5> , . 

II a program can explain its rojaaning PWpiffP» ^a|^enpa can be- mora easily 
obtained, since tha ..user cat* attif • Jtfmtelf that tha a^am^mahat raa^oi^^dtductiona 
which rotutt In raaaonabla conctujiom, Ad^^ n^enrw • 

vekiebte Dedagogictl function. A eb^..pr,prejt|ienw^ 

understanding of tha mated*! that hf it ttudyjp by. < ^t r I n g hjt own reasoning wjtbjhet of 
tha eyttein. Hneth/, tha abttlty to provide ax|>lsnatk»ns serves at a veluaWe tool for 
debugging the system. ., r ^ 

In this that*, a tyatem it daacribad which can^aiga^lb^f. Thta tyatam, caHed the 
Cm. Digitalis Adyiapr, it..daa^nad r Jo,_ady^i jdn/aja^cenoj^ j d^|^ tharapy.^ WJa 

written In pWt I^Hfch^ • Pff^Pf P< *• ..I^.JNW^^.;***^*^ , Mr ^ M ' d ??^T? nt ; f 
WBTCI^IA^WH Tha fyttam it •ttjf-^ocumant^' in tha .ema that it cm^ produca fngHeh 
expienatiom of tha procedurea that ituaat and t*p> ebons it tajaa directly from tha coda it 
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executes. Most of the expfettetiom provided are product in tNe manner, aittough a few 
types of explanation are produced by dtapleying canned phrases. The physkisn may request 
explanations during a cormiKaHon ssesion. Ths e iuta»att a iw are a a ilgimtt % bo understood 
by. • physician with ho pt^amii#>u; evpefieftee. 

In the romoindor of the Introduction, soma of the M SS Tr si aspect* Of dlgitaftt therapy 
wffl be outfitted, foBewed by invak of pr a vteua dhj Wfc a e rtaort sr<d war* in ewptanstton. 
Ptaatty, a very brief ovrviow of tr» OK OaflaWi Ml^ 'fr u i M S lw t d, 

1.1 Backeround 

.1,1.1 Soma) Aapaeteof OflMio Trmrepy 

The digitalis glycosides sre a group of drugs that were ortgmetty derived from the 
foxftova, a common flowering ptarit. This group indues* otgoatft* rtgitotin, eufcaln, cedetenid 
and digitalis las*, Among these, dejexin is currently by far the mast comm o nly used drug, the 
use of cHgitelia was first documented by VWHam Whermg m an artfcm written Tn 17». Ho 
noticed that tha drug caused increased urme flew, and used tha drug to treat abnormal 
accumulations of fluid, a condition known aa dropsy, which is often tha rest* of a faffing heart. 
Later, it wes discovered that ttae diuretic affect is om> isceadaiy to tha, principal effect Of 
digitalis, which is to strengthen and «»*Wl» tha heartbeat 

In current practice* digitaMs is prascribad cNafty to patient* who show signs of 
congestive heart failure and/or conduction disturbances of the heart. Congastiva heart failure 
refers to tho inabUfty of tha heart to provide tho body with an aeeeuate Mood flow. Thht 
condition causes fluid to accumulate in tha lungs and outer •xtremttk* and it Is thta aspect 
that gives rise to tho term*cei*jesRve*. Obj^taha la useful m 'treeing this candM**, because it 



increases the contractility of tha heart, making it a, mora effective pump. A conduction 
disturbance appears w sn arrhythmia, which is an unsteady or abnormally paced heartbeat 
Djgttalii i tends to stow the conduction of aWctrkal Iwygiw thrc^gfr the qooductton »y«tam of 
tt»0) heart, and thus steady eBrtaJn^j^^ofjv^HMaja^.^ Oua to tha posMva .ffact that 
digitalis has on ttw heart, it is ona of tha most commonly usad drugs in tha Unifod I.State*. In 
1971, it was fifth on tha list of drug $ most froqupntty proscribed by doctors through 
pharmados in tha US [4J5]. 

Tharo is, however, a darker sida Jo dWtaiis. Like many other drugs, digitalis can atao be 
a poison if too much is administered In tha caaa of digitalis, tha ratio between a dose which 



wW cause a therapeutic effect and ona which wM causa a toxic reaction is only about 1 to 2. 
This therapeutic window" is particularly smaN whan co m pa r e d with other drugs, Tha window 
for aspirin, for example, is about 1 to 20. In addition, tharo are a number of factors such aa 
age, weight, electrolyte balance, and history of heart damage (t© name a few) that may cause 
the patient to be mora sensitive to dgKatts and mora (Holy to develop a toxfc reaction. These 
factors must be taken into account fet preserving djgttaNs. 

Digitalis toxicity may assume many dtfferant forms. It may manifest itself as blurred or 
colored vision. Certain gastro-mtaatinat symptoms such as anorexia floss of appetite^ nausea 
or vomiting may appear. Toxicity may also appear as eetfafrf type* '&&&*&''■**& 
rhythms. 

The dNdan must ba particularly careful in i nt ar p re hm toxic signs, since they may have 
other causae unretatad to dgitaNs, or in tha case of soma arrhythmias, they may be mistation 
for a lack of therapeutic effect. Thus, it i« powibia that a doctor wiy t,lva ajreafar^doae^of 

In fact h« d cflfitmf until the pMbrt', t^typc^p dkappaar. ^ 

In the booy, agitato tends to accumulata anri Jm I ^ 
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chart* on • capacitor in en WC circuit [5,6,7]. OfHaH* waves the body through two route*. 
Much of the drug is excreted in the urine, and the rest leaves via the liver. The exact 
proportions depend on the pr e pa r a tion used, end how watt the pstienfe Mdneys ere 
f uncttoning (renal function). A doctor mutt consider these a wm s Hti in e mnln g a patient's 
response to the drug. 

Because it is so difficult to predict a priori t*w much dbjtttofe e petie^ 
cardiotogists generally use feedback to determine the correct dose. A certain amount of 
difiitetts ie given to a patmnt, the therapeutic snd/or toxic effects that a p psa r are evaluated, 
and the doee the patient receives » adjusted spproprlatoty. Ones ft is tott that the patient is 
receiving the correct emount, the pati e nt is placed on a ws i ntonaiice program so that the 
amount of digitetis he r e c e ives each day «s> equal to the a mount test through e xcr etio n. 

knee there ere s targe number of factors to consider, and Me exp one n tial model ie 
somewhat inconvenient, many patients ere trested incorrectty. Studkw m ol e s ts that as many 
as 201 of all patients receiving mgttsto show toxic sympto m s, end that the mortality rote 
am o n g those patients may he as high is 301 [M} 

IIST fti lw ramMmUm t«M— 

'■ : ^e wm*m"s* » j ^^^»eeejpswxW(»e^xjHBB*ww*xe*'....?^^^^T^!m^ep5^w ■ 

Several computer programs have been c on stru c te d to provide ph ysicia ns with advice 
about (figftsHs therapy, tine of the first such programs is d oc irto a d by JetHffe [9,10). This 
program was written shortly efter the pharmacokinetics of toe djgrtsfi glycosides became 
understood, and was d e sig ne d to compute Wtiii dosage regimens, based on toe patient's 
weight, renof function, history of dtftefis therapy, end route of s d wi n l it retion. The program » 
only eppHceble for use with patients having normal thyroid end «W function and normal 
electrolyte balance. St « c s ps b l s s sssn ebis initial dosage' reg i m e n subject to 
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tfcp rosirtettons atatad oboyo, «awovar, tha prog/sm It #itemnt in tw^.imjfi*fRi. woy^.- Firot, 

tho program dot* noitoM Iota ^e«i*,*MHJ^^*« , !P^ ^Wto**^* 1 ^! 1 * 
offoct* of dt§it«H« *• v»ry much affpcM by pfcf^e^f b«J«nc«. rf JMi IbpjtjiHon, mpkp* thp 
program usoiot* tor thoaa potipnto wttb .im^jl&tito.Mftomi..**** thp |>rogrpm 
only providaa tha initial dosoga ragiman. It is up to tho doctor to monitor, thp ootignra 
progroM and «#M odjuatmant* « toxk .pffacfejpjppf, « jN»Wi««#*W <*** *• rtB- 
function) vary. 

Shoinar £*\UJ wvHmtmJm***'***** *&J*fa* *m Q ^ &^tofr*W* ^ 
doctor opoeiflM odo^rod Wopd JoyoJ of agitato. Too oi^iram^^p^** «n WW do««# 
raa^inan, and attar tha potlont 4» gkpn «* d^th*Jpj*jLg|,o^^ 
TbJ* dot* toNo tno#ror«iii>^f|Nif INodigiMlio mdhpifg um4 hy*Jho ajWWfaamn&Vf*. 
that wm anticipate in computini tha initial ragiman. Tlm,f|pgpm^ipif«f*;now-;iniOfm«AJ^ 
to dotormino a now ragiman, ond tha foodback loop m ro poatod untH a ttabla condition ia 
roachod. 

Shoinar** program toivM ona of tha probtoms in JaWftoV program, but it hat soma 
©thar Jb*w* UNo objocthm of tb» program Is thi ac h i av* m j wt oifpmo ipwot .,of,*or urn digitoHa. 

In a cHnical ••ttiflg, « ma* npiM a^# »P*^ .i^0^^kf0SP^J^I^^. «* P f0 ** r 
lavnl m pffoctod by wholfcppdpon ths patiant i* rao^ying (Sfitato f o^ •» wail as crtain 
madical conditions tho ppMpnt may auf for, from, such a» aoJst*i*» dspmtion, that would moha 
hjm oonottivo to digitalis. Mora Import**** »m sarum lavajof <«gttati» i* not a good Indicator 
of clinical offoctpj. In addition, Shainar's compmx statistical mathodotagy would maho it 
vdiffMdt.forhmayaiam.jtop^ 

Ra<«ntly, a proa/am ha* boon <»v4oc«d by Paukar, SJfvar man and 0pr ; ry which diffprs 
from aa/lipr ona* in two Important |aapactag& fjppt, # conducts 4 oat^-fnpciflc modal, 
roflopting thoprpf/amV fcn aw m daw of pharjnjfO^npgct and spadm f a«tur*« of tba^ifpra 
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condition which may alhfr Ma raapoma to tharaay. thto MOJal fe uaad to eonatryet tho InWal 

tharapairtk attactt which actually oecor in Hw m«^«* #illiii#lit# ; %# ; fco*i»©^^ 
HWim now/ 10 ipnwuww wootqmpc wongr* wcvummmvbMp ?rwr man wn^ pw w^va 
tovol Of dbjttaHt. ■•!■- 

iiimiou cnraev irm v> pmonMO m vnon tni p^nn- <f wmnv a ■»■• -•» 
patents manaaad by eHnWar* on a canftstagy aarvfca. Hut Mat da a ia mtnta d fl li ata a j i awte 
ability 10 tocolwoahi' : appH#i b1a 1*^ tho l o w p M HanU who 

'J^y^^^y^^ v^jj| ■ ■" fc«k»^^14|6i' ' :^a^AjT|tu^ak*dil^^aOafl ~^MtfaaaOh :.jJf M ^a^ajd^' : jfOM J Jy& ^^.^^gLajgaMuffi^gtt Ibj^ujk ^j^^-^^y^^i^^^a^uA . 4ui "'<>M|^k 

WrVlowipPO KWKJHy 'tVM ^WPPWW 'm^W '^fl^HMKnnlln: -^WpwIP-t^WPW flPWPW i ^oWI^WiWWWii^B -^r '«o^P 

WbOMBtfaa»aMB» T^MBk JMH^HOMi ' ^aafjfoaOaadi^aridfl {aaft^pfe ■fcaaO^tfkO^Bl df4 oVobaa^Ml^ftjf d^^k^M^dbij jflft < gaajOit p^aodNMOjoo^ojiaMd .jdJftaa^Mo^dMw 

s TN1iarih%*i^*ho*til wa« *«llaoy Jl war lo i rf' l aaa a oi ajfi a > *f»a a » o» aai wa* aaaa) *a a 
bath forth* OWL PHWiN * 0> to oi. 

laul Qtfw Vtarfc in Explanation 

: iC*»atai ^u^I^k^ - M^^^w^ifadffibio^M^' : ^tawAii^^''^lia^^ttlfliai'' l^AM^^H^^^M^jfckUA SIButt^kMal^M^kMoa>H^ttkaPMtftthflBOk^a' ' dbik' 4^wa^aaio10pa^A''flB£^a^o^ 

explanation «pwnm now oaan iatpiaaanfi^B , 'iawwyawaia*apBwimB s Tn oamama •wwr 
than dhjitoha tharapy. WnofradV SHWitUf 1] i«-« fritf ^Mnaii oT* ayrtom 4Mb to pravida 
«no oaar wnn aoma aori or wxpiananon tor na OBnaoa. ^■njpaapwwMvapMVi.'io «na *oaar 
wny carratn action* wara lanan ana prwnaa m uor wnnon n^aan TmnaiavMi^ vr w» |va 
atacK. una -Vf ina pnwiama ifina(rao^anBBaniBfoo^raB^na^BOTi«OPaiwv*V(^HMin^^iwn^BTC 
axpraaaiona to Biglhth. 

ShortHffo[2] and Oavia^f] Oatcrlba thf anpt ai iaite i i tyatam that hat baOn lm|iiam ai itad 
for Mrcm, a ayttom dMgMTto halp dottort iri p ta at i lbi w rai^ l ol^ hrffilWfu»<ttem in an 
IrttoracBvO iaannir;ortd k eapabia of axaiatntni w hy w ta ln o u a at to o ao i i a a Kad, a» wall a» 
na laatumin cnam 11 wi w OTHfaoy*. Tna aapnaianan ayavav^ff^iimjnvanci tna'UiR.'MVfiw* 
Advitor ara comparad in chaatar* 3 and 4 



; Ufceison* has been worWng on 4bs probtom of try** to a^ain programs written. »% 
BOL (sfcsbm** DetWiion L«f«u4«) to • umt ucrf«|il^ «it|f p^smmiflg^fj} J* Wl*" 
uses two mods toi one to medal tha opgfom'f . m%W**9&mA- $ $ 'M $ ^ 9&^;*^^:- 

mm,'*. lUmpMfUIW^ MHuJtoOoe?, 

system to »U» ur*)stt,ds va lop >pnt , ta^ $ Ns 

system with feet ,ef tNa OWL pigttatts Advisor. Hswever.Jt does seam «a>e to t ay l^hJa 

system if ftejdomse^^ffe^Jo^^ 

Advtoor doot not employ any PLAMNER-Mw W«oW K*W»OV *»th»r dJtference i« that 
when the Of««M« A*«w. was : pjrj^jn.ejfa4,w*j ■*<*> MqMP^IH ^f^ff*** 1 "" d 
program inoeaiifit* one struck ss much ae l^l^lllP-ffVI^.W^f*! 1 ■•Wli.?*! 

com* whoro a tlngto model is not adequate, tho OgKsSs Advtoor employ* Alternate Models 
(described in section 3.7J& Thus, whNo MHuMttns' system wW use tha more sophisticated (but 
•too moro complex) two model approach sxdusiveJy, tho OWL Osjttalto Advtoor roltos on o 
. simpler single model whonovor possible, resorting to multiple medals only whon nocossory. 

1.2 An Overview of tho OWL Ofltajte Advtoor 

The OWL Digitalis Advisor consults with s physician in an intoractivo manner. Tho 
Advtoor asks tha cHntoton a number of questions about the petim* and than produces a sot of 
recommendations. After tha pattont hot rocoivod an Mttof dose, tho program can produco a 
now dosago ragiman baaad on tha reaction of tha pattont 

WhMo a session to taking puce, tha systom can modem why it is asking a question. At 
the end of any session, tha system can proviso a number of different types of explanation. It 
can explain the procedures it uses and tha actions it takes either in general or for tha patient 
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at hand. It tilt m^Mimm r*M»m «r» «»t or uiad otttu* th #a«ar* mPm****** 

pMm*. ttw y^ummwm m.*m- ■*m «* i p m h^ iwhuu i , iftdi i ir **^^*' «* 

currant or*. : T)w* it^m^U** 4mcrm* to Chy*** fWtr ##%ili*«*«^l#t^ 
m» umt to ehanja h*» f wan (caHa* ^Ui l ^l W ^ i iW w iiw Ityi %»»<!t <i» *m»»wt Mpea* 
on tfca sy«t«*ft riiuiftktiatiij? 1 *^^ 

atop* tha*%# •*«*•*"* tt* not .aufti-uU a^W^ ^)wii»-t»ii-«W»et#i *#?*•** 
boon rtto**ut#*, ttto^yttoM cafrl*«^itio^ *^* teofce*o^o*>lu»!ittotf*1ho altOeH * 
thacfcanfo. I]gil1li«liittertl*ir1irtlij^r4 

Orfclnatty, I h«t to**i tfiafWi 0^«te AoVJaor *** «* alli^aio^iaojiiatrl* 
EngH«h tor O xtiUMattw* tir^uni^^ on «*<**. Kayo^-aw oHWWifM 

to^iP^foojiiBfcftruu^^ 



V*..' 



S^**f 



-i;'.>S!-^ 



I. A port of tha OWL tyttam which converts natural Ei*8»h a intoncoc Into OWL forma. 



19 

Chapter 2: A Sempte Session 

r 

In this chapter two MMipto aotstoni with tho OUR. OfcHats AMU* *r» outlittod. Tho 
first sosslon proacrlbos an initial doao f or a pationt with an wHg tl sWH Th. sOcortd sossten 
is a follow-up session which occur* a fow hours after tho pa S o wt s aia l f itf tes Rrbt dPs*>>.A 
numbor of foaturoa of tho sxjri ana tl - tkMr -m vmm i t l lt ataog th» wy. OiMhH typprfby 
tho computer appoors in uppor capo, whNo ontrioa mad* by th* utor * lowor com. 

Comwont* about tho so ss i o n ar* in ttaHcs. 

mtw! • npa-nwRai -ow^wwi 

BOB* m OBL FORK TO BE CARRIED OUT 
<>[(b*gin thorapuU 

rite iwor foo-fcot** to tb* sy«t*» tb*t b* oiobao tr«Cav«. tboropy /•* • 
pot foot oy typfpf tb* QML 'on* ffftoff* mrm)]. fw*otoo77y, tbo pyttoa 
wfTI bo aft?* to accept tMa J " 

UHAT IS THE AGE OF THE PATlENT?- 
ENTER NOfSHCAL VAUUE •*— * :-**>< 



UHAT rs THE HEIGHT OF T« PAffflfTf 

UNITS* KB 

ENTE* fil^RTl^lfALUE***^ 72 

MHAT IS THE SEX OF THE PATIENT? 
THE POSSIBILITIES ARE. 

1. MALE 

2. FEMALE 

ENTER SINGLE VALUE — -> ule 



Note tbot for ejtawer* toot oro afnple ejoroe, too ooer **y of tber enter tbo 
MMbor of tbo anewcr or typo ft opt. 



lfr 



WHAT IS THE CAROIAC RHYTHM? 
THE POSSIBILITIES AREs 

1. NORMAL SINUS RHYTHM 

2. ATRIAL FIBRILLATION 

3. ATRWL fy»T» ■"' 

4. PAT 

5. PATtHTH BLOCK 

6. NON-PAROXYSMAL JUNCTIONAL TACHYCARDIA 
ENTER SINGLE VALUE —-> 2 • ■■'• a ■ 



IS THERE REGULARIZAT40N OF THE VWTRIGULAR RH¥JH«? > 
THE POSSIBILITIES AREt 

2. ABSENT 
ENTER SINGLE VALUE —-> uhy? 

MY 2 TOP GOAL IS TO BEGIN THERAPY. I AM NOU TRYING TO CHECK THE CARDIAC 
RHYTHM. IF THE CARDIAC RHYTW1 IS ATRIAL FIBRILLATION AND THERE IS 
VENTRICULAR-RHYTHM REGULARIZATION THIS SUGGESTS T| INGS 

IMPULSES FOR THE VENTRICLES ARE NO LONGER COMING FROM THE ATRIA. IF THE 
STATUS OF YENTRIOJLAR-RHYTHN REGULARIZATION IS PMBBfT IT IS POSSIBLE 
THERE MAY BE NONPAROXYSMAL JUNCTIONAL tAgHWNMfcaHNtCtt t€ A S*GN= €F 
DIGITALIS TOXICITY. 

The system now re-asks the user for § value. 
ENTER SINGLE VALUE— -> Z 

Hire, the user has oskeif tha system to oxplaiit mhy 1t 1s asking Ut1s 
question. The system responds by converting the goals on Its goal stock 
to English to produce the Mrst tm *omto*co**3>Tkm, SMStom fjltirafflnalt Oftd 
displays o canned oxplanatlon which Is 09imM$ete d,srWj;1dM$;:. M n eo§k :*#«*• 
torn question is being smked about. Tba cann e d explanation usually 
provides informotion which could not bo j|(Ripp $yfrmm ,thm cod* of tba 
Advisor. Occasionally, the oxplanatlon pr o vi de s a brief suammrjf of 
Information that the axpl amotion routines cott dojUimlsax, from boo 



2. Tha Digitalis Advisor rofort to itsatf in the first parson. Althou|h soma may object that 
this tonds to anthropoattrpnita tha computer, I foal that tha awptanttiorw producad in this 
marmar ara much dourer than thay would hava baan if thay wara stated In tha third parson 
or passtvo voka. 



1? 



WHAT IS THE VENTRICULAR RAW, 
ENTER NUMERICAL VALUE — ~> 123 

WHAT IS THE STATUS OF PVCS? 
THE POSSIBILITIES AREt 

1. PRESENT 

2. ASSENT 

ENTE9 HNjiLi;VALi|E !«-•»» 2 

PVCs art flf«— ftirt »f«tr*irJ«f cootr«ct*«M. r*t|K«o *• « 

Indication of d1g1UU» toxicity. 

UHAT IS THE REASON OF?|JlSITALIZATION? 
THE POSSIBILITIES AREt 

1. CHF 

2. ARRHYTHMIA 

. 3^ SMW^qALrfPPHJMPTIC ; 
ENTER VALyE(St 3 f^-»^ ... • 

Thm tysfm occtfj to fciiov tte rmM*m%>m$A$^m&$*&*1* *»«*f>*!N*« 
<Mo*U71* so tftot U cw ut W f**t*«! Mr'#4B|liMM^PmNPI^Mi9lf3 
5c modiru* rfuc to ooMttlrftfM or tfto potfMt't *•*§«). 

UHAT IS THE STATli OF DICI TALIS USE? 
THE POSSIBILITIES AREt 

1. PRESENT 

2* ABSENT 
ENTER SINGLE VALUE — « > abtont 

ir too ootfont U «7r««4y roccttrtfto rfff<t«?1«, (A* «y»t#» «*»1 ft* M 
fitto Account wfto* proocrfofof « now oomoo 



fa* ooxt «»» : :«M*ftP«t A* .oof* -^tjpv^tig^jm*** P 

•otft for d1§1t*T1s m vkr k wM ito ftfWMty*. 

IS THE URINE OUTPUT OF THE PATIENT GREATER THAN 4MCC PER DAY? 

THE POSSIBILITIES AREt 

1. GREATER THAN 488 

2. LESS WAN 488 
ENTER SINGLE VALUE — -> 1 

IS THE RENAL FUNCTION STABLE? 
THE POSSIBILITIES AREt 

1. STABLE 

2. UNSTABLE 
ENTER SINGLE VALUE — — > 1 
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UHAT SORT OF RENAL FUNCTION MEASURE IS AVAILAM^ 
THE POSSIBILITIES AREi 

1. SERUN-CREATININE 

2. CREATININE-CLEAHANCE 

3. NONE 

ENTER SINGLE VALUE -— > 2 

ENTER RECENT CREAT I NINE-CLEARANCE VALUES iUTH OATl AND TlHu TO BELETE 

AN ITEM ENTER ITS B*Tfr^NPffWE, i TVPg A WIIUW WW 1W mm>W 

REQUESTED. 

DATE TIME TEST VAL RWft. F 

9/21/76 18108 188 till 

00 YOU UANT TO ADD OR CHANGE ITEMS? (YES OR NO) n 

Tha system nam asks eft* us*r about savara* c* tfttf— * ttot cm emus* Utm 
patlant to to mora Mftjftfm to 41g1flU (ttot U, m%r* 11*»1j t* #•«•?«• 
4ig1fli* toxicity }. 
UN»M9 the liWir«R«*€Afiglttir 

Eiwipr'iiiwftffc^if ■««*-» 7 ■'.-■ 

HAS IV CALCIUM SEEN AOMIN I STEREO WITHIN THE LAST TUB HOURS? 
THE POSSIBILITIES ARE* 

1. GIVEN 

2. NOT GIVEN 
EHTER SINGLE VALUE — -> 2 

UHAT IS THE LEVEL OF SERUM POTASSIUM? 
ENTER NOMERICAL ; INBK ■ -» why? 

MY TOP GOAL IS TO BEGIN THERAPY. ONE STEP IN DOING THAT IS TO CHECK 
SENSITIVITIES. I AM NOW TRY1HG TO CHECK «WIT|VfTV BSE TO POTASSI UM. IF 
THE LEVEL OF SCRUM POTWUM t* tM^S^V^TjU^VIflP *E^ip**MJ*§ 

SENSITIVITY. ' "" 5: *"-' ' ■'• T'-J * - " 

ENTER NUMERICAL VALUE — «> 4 

IS THE PATIENT BEING GIVEN OR ABOUT TO BE GIVEN DJUlKTffB? 
THE POSSIBILITIES AREt 

1. GIVEN 

2. NOT GIVEN 
ENTER SINGLE VALUE — - > 2 

DOES THE PATIENT HAVE CARDIOMYOPATHY OR AN ACUTE HI? 
THE POSSIBILITIES ARE. 

1. PRESENT 

2. ABSENT 

3. SUSPECTED 
ENTER SINGLE VALUE -— > 2 



lft 



UHAT IS THE STATUS OF HYPOXEMIA? 

THE POSSIBILITIES ARE* ^. x - 

2. nW^MCTID' : " 
ENTER SINGLE VALUE — -> 2 

UHAT IS THE STATUS OF nYXEDBIA? 
THE POSSIBILITIES ARE* 

1. PRESENT 

2. ABSENT 
3* UNKrOJN 

ENTER SINGLE VALUE — -> 1 

HOW LONG DO YOU UISH TO TAKE TO REACH FULL DIGITAL W£PP*3 
THE POSSIBILITIES ARE* 

1. INSTANTANEOUS RATE (1-2 HOURS) 

2. RAPIO RATE (1 DAY) 

3. MODERATE RATE (2-3 DAYS) 

4. SLOU RATE (4-7 DAYS) 
ENTER SINGLE VALUE -— > 3 

Normal ly, tha patlont Is loaoai with HaltalU ora4oaVy ao that 1L 9 ** 

borfy otofM JmI ^H OfSf (Uj$ A 
occurs, mmowt M,, 4H, *m**M* 
Incraosa f» tM ootJont'* Ma**. 

Finally, tha sysfm products 1U r*c ti mm n4 it1o*M. 
PARAMETERS USED TO RAKE RBCORRBBATIONBt 
BODY STORE GOAL — > B.SS4 RG 
PROJECTED AROUNT ON BOARD — > 0.SW RG 
BODY STORES SHIFT — > 0.564 RG 
REMAINING TIRE TO REACH GOAL — > 48.B HR8. 
HALF LIFE — > 43.7 HOURS 1.8 DAYS 

DAILY LOSS AT EQUILIBRIUM — > 1. 175 RG 
ABSORPTION FACTOR -*->•. 75 




HOU OFTEN DO YOU UISH TO ADMINISTER DIGITALIS? 


THE POSSIBILITIES ARE* 


1. 


OD 


2. 


BIO 


3. 


TIO 


4. 


QIO 


5. 


Q4H 


6. 


QSH 



ENTER SINGLE VALUE — -> 3 

Too ayst— aaka tha ooar how often ha miahaa to gin digital 1m. Thm 
oxarmatlon "tftf* mans thr— tlms par 4ay. 
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THE DOSAGE RECOJTENOATIONS AREi 
HOURS FflOM NOM ORAL 

MOU .28 0G 

REPORT BACK AFT0I THE FIRST DOSE. 



IV 



.ia 


♦ .1 


.12S 


hg 


.125 


HG 


.126 


NG 


.126 


NG 



8 .125 ♦ .8625 HG 

16 

24 

32 

48 

ORAL MAINTENANCE 

.25 fC 

IV MAINTENANCE SCHEDULE. 

ALTERNATE .25 AND .125 HG 



125 nr 
125 HG 
128 «6 

NG 

m 



at" 




•art f«r #ffft«f ti MfrfMft . 
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2.2 Th« FoHow-up Soaoion 



Too follow up Mission stwU fctrt, opproxftMlfrfy 4 hours ?«*#r. 4* 
bTort, tho usor typos on 6Mt torn t* 1t*H*U to ttt <«* f««il!pr«tor w*«t 

fM Mftftt* tO #0. ' -^ 

ENTER AN DHL FORM TO BE CARRIED QUI 

<> ((obtain foil ot*-up*-lnfoU v 

Ffto system sgks sovrsl ousstloas stmt tsm s*timt's Msrtb^t. 
UHAT IS TIK CARDIAC RHYTHM? 
THE POSSIBILITIES AREi 

1. NORMAL SINUS RHYTHH 

2. ATRIAL FIBRILLAfMN 

3. ATRIAL FLUTTER 

4. PAT 

5. PAT WITH BLOCK 

6. NON-PAROXYSMAL JUNCTIONAL TACHYCARDIA 
ENTER SINGLE VALUE -— > 2 

IS imm REGUWBUATJON OF THE VENTRICULAR RHYTHM? 
THE POSSIBILITIES ARE* 

1. PRESENT 

2. ABSENT 

ENTER SINGLE VALUE — -> 2 

UHAT IS THE v^ENTRIQILAR RATE? 

ENTER NUMERICAL VAfcJUE -*»-> 185 •■■.;.. 

Tho hosrtwmhs tups mm r mmnm \ ThH 1* s slow of thmrspostlc a/fact. 

UHAT IS THE STATUS OF PVCS? 
THE POSSIBILITIES AREi 

*«;:nfcS6NT :; ' 

2.^ABSINT> 
ENTER SINGLE VALUE, — -> 2 

THE DIGITALIS HISTORY OF THE PATIENT IS NEEDED, 

TO DELETE AN ENTRY, RE-ENTER THE DATE AND TINE AND TYPE RETURN ALONE 

uhen the dose is mmm> wm-wm mummrW&m»ma$ IS " 

REQUESTED. ENTER ALL DOSES SINCE THE LAST SESSION 
DATE TINE DOSE TYPE 

9/21/76 11»38 8.2S PO 

DO YOU UANT TO CHANGE OR ADD ITEMS? (YES OR NO) n 

Tho uasr informs tko syatsm of ttm tim as4 smmot of tho alitols digital 1s 
doso tho pstlost roeslvod. 



22 

ARE ANY OF THE FOLLOWING THE CONDITIONS PRESENT OR LINBLY TO *P«AR? 
THE POSSIBILITIES AREi 

1. HYPOKALEMA 

2. HYPOHSMA 

3i CAfS)10MOf*T4fSfiHtl 

5. NONE 
ENTER VALUE IS) « — > 1 

Tftc Advisor nails these eontfU4«M fr** •*• *N«t? mmIm «*fcA «m 
ity**, and eeks tft* hmt If mmy or them mmm :&& * *>**> ■■•* k&t n m mmrse. 
Sine* the user re s po n de d that hypokalemia might Inm mr*t **• sy*t«« 
wf 7? «*fc «M* 'ft 4* #*■*? W^M^NJ MNii^ M «Nf 

contfftfofi* tfeat tte iwttaiit «h **>»*•§ *rf«n ti» #fc»^ iwfa* ' t*Mt 
might neve Improved. 

HAVE ANY OF THE FOLLOWING THE CONDITIONS Iff**** 
THE POSSIBILITIES AREt 

1. NONE 

2. HYWEDEMA 
ENTER VALUECS* — -> 1 



Since the user indicate* that the setlmet *H*t he s ho wing slam of 
fcypofca ?«**«, tJMi qttw w». aato *<• aft ont wf mmteam^ami 
WHAT IS THE LEVEL OF SOW P0TABSJUR? 
ENTER NUTCRICAL VALUE —-> uhy7 

MY TOP GOAL IS TO OBTAIN THE FOLLOW-UP INFORMATION. ONE STEP IN DOING 
THAT IS TO AOJUST FOR CHANGE IN SENSITIVITIES. I ' *t JBJH TRW* TO CHECK 
SENSITIVITY DUE TO P0TAS8IUR. IF THE U Nil' NW MatUN W UNBER 

3.78 IT-*tt& CmmW>*m BBQ*«ORES BBC TO HI **CS * LOW 

POTASSIUN CONDITION WILL INCREASE DIGITALIS 90 



Mate that the ensmer to the 'why' euettlom te .ltffwtM'#ci' : tit 
given during the first settle* whs* the user earned the ayet em w hy it mm 
asking about sertm eotesslma. The dirrerence 1s*m*t*> t9± 4 *rte*amt gem* 
structures that tea* te the question. 

ENTER NUMERICAL WjpMj *.--> 3 v 

IS THE PATTENf iftNt^fVEN OR ABOUT TB BE CIYEN DttflETK*? 
THE POSSIBILITIES AREt ' ' 

1. GIVEN 

2. NOT GIVEN 
ENTER SINGLE VALUE -— > 2 

IT IS GENERALLY AGREED THAT PATIENTS UITH LOU SERUM POTASSIUM LEVELS 

CAREFULLY AND ADRINISIBI POTASSIUM SUPPLEMENTS. 

TA» system mares the ueer te try te correct the aatlomt'a hygeh eloorto. 
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HAS THERE BEEN A CHANGE IN RENAL FUNCTION?, 
THE POSSIBILITIES AREi 

1. PRESENT ■ 

2. ABSENT 

ENTER SINGLE VALUE #»- *» 2 

TIM *y«t«« a*Jt* •bout my comma 1n rwfl timet 1m. 

IS A SERUM OIG LEVEL AVAILABLE? 
THE POSSIBILITIES AM. 

1. AVAILABLE 

2. NOT AVAILABLE 
ENTER SINGLE VALUE — -> 2 

A smrum digitalis Uvl H a mmasurammat af taa aHWt of alalia? fa fit tn* 
patfant. 

ARE THERE SIGNS OF EITHER NAUSEA, ANOREXIA, OR VISUAL 
DISTURBANCE PRESENT? 
THE POSSIBILI TIE S ARE t 

1* nCSENT 

2. ABSENT 
ENTER SINGLE VALUE — - > 2 

THIS PATIENT IS SHOWING NO TOXIC EFFECTS. THE PATIBIT IS 
SHOUING ONLY PARTIAL THERAPBJTIC &FGCT. SINCE THE PATIENT IS IN 
THE LOADING STAGE IT IS BEST TO CONTINUE THE LOADING AND MAINTENANCE 
REGIMEN BELOU. 

fHa aystam ohaarvas that tha aatfant U aftortftf a partial tharapautlc 
affaet, and no toxic affvctf . 

PARAMETERS USED TO MAKE RECQHNENDATIONSi 

BODY STORE GOAL — > 8.371 MS 

Net* that tha body atora goal has droamd dm to tha patUnt's 

hypokml amis. 

PROJECTEO AMOUNT ON BOARD — > B.177 HG 

BODY STORES SHIFT — > 0.134 MG 

REMAINING TIME TO REACH GOAL — > 44.2 HRS. 

HALF LIFE — > 43.7 HOURS 1.8 DAYS 

DAILY LOSS AT EQUILIBRIUM — > 0.117 MS 

ABSORPTION FACTOR — >8.75 



2* 

00 Y00 STILL UI9H TO €TO BIGimtfcTIO? ■«■««'# 

THE DOSAGE RKOWWDATIONS MEs 

HOURS ffOI MM WW. , L«^ 

13 vim*' • r--?mmm- 

21 . 136 W 

29 .IBS fUS 

V7 MMB tg 

J/ nMI **■ 

ORAL HAINTBWCE SCHEDULEt 

%TfW^7E f 3| |P ,.i^HB 
IV miW TO WM CC 9CMEDUL£i 
• 12S HD 
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2.3 Explanations 

Soma of tho oxpionatlon copobiiitiot art shown BOto*. 8hw Hit oyototo connot 
yot oMoot En*U»fc input, th* Enffefc vMMtW i i - otfodSy tbVwor onrfatod in Italic, foUowod 
by tho Uy fonw oetuotty and to procKic* -flft'-fc^ in thif 

toction oro product by mmtoim &» adtgol OWL I cooVond tbf ovont »tructur» crootod by 
tho intorprotor. Thn^ago not cannod oj^lintWon*. 

a.3,i feojhdrtnq MithBda - 

•How do you chock MMttWtfoo?" 
(doocribo-oothod {< chock tontlttviUot)]) 

TO CHECK SENSITIVITIES I 00 THE FOLLOWING STEPSi 

1. I CHECK SENSITIVITY DUE TO CALCIUH. 

2. I CHECK SENSITIVITY DUE TO POTASSIUM. 

3. I CHECK SEteiTIVITYOE TO CAROIOffYOPATHY-fll. 

4. I CHECK SENSITIVITY DUE TO HYPOXEMIA. 

5. I CHECK SENSITIVITY DUE TO WVW*0J5**CTWN. 

6. I CHECK SENSITIVITY DUE TO A0YANCEO ABE. 

7. I COMPUTE THE FACTOR OF ALTERATION. 

This U o good cxooplo of too my tho o1g1 talis Mv1*or 1$ structurod to 

control tho amount of fftfai^4l#-tfftm>Jtt4M»^ 

too prooroo caocki for aomoHMtlu, too aroorom 11*U aovoral moro 

sooeiru ro*wm ■&* iomoWtm oWM^^mm^oWOoamntdrnm^'-miu 

•xpWnlna tho gooorol mothod, too systom dooo not f*N«#J? *•***• mrm 
spoeUHtod routloZwork. o^WtfatofWailbfUaW^ 
toot fntoroot him (oa ho dooa bolowf. 

'Mom do yon choc* aansWvlty duo to thyroid-ruoctlom? 

tdoocribo-oothod [(chock (sensitivity (duo (to thyroid-function))))]) 

TO CHECK SENSITIVITY DUE TO THYROID-FUNCTION I DO THE FOLLOHINC STEPSt 

1. IF THE CURRENT VALUE OF THE STATUS OF flYXEOEflA IS UNKNOWN THEN I ASK 
THE USER THE LEVEL OF T4. 



2. I DO ONE OF THE FOLLOWING: 

2.1 IF EITHER THE STATUS OF MYXEDEMA IS PRESENT OR THE STATUS OF 
MYXEDEMA IS UNKNOWN AND THE LEVEL JF T4 IS LESS THAN 2. 68 THEN I 00 
THE FOkLtWHt BUBSHWi - -- 



2. i a i add wxasm to the- mam m*wmmmM*wmi Tims. 

tft«t **• pat toft 1« 9xkib1t1*g, but tlmt amy kmcom hmtfr. 



2.1.2 I REHOvf MYXEDEMA ittH IftMitfi^^ ' ' 

rfct **»«*«*?« cmitff tton* ftjWfittit tito* cvtfltion* th*t may 

btCOM «WfM. 

2.1.3 I SET THE FACTOR OF REDUCTION DUE TO ffefi&RA'-iO %i*7. 

2.1.4 I ADO MYXEDEMA TO THE REASONS OF REDUCTION. 

2.2 OTHERWISE, I 400 tlYKEOENA TO THE OECRAQEABLE CONDITIONS, HE«0YE 
MYXEDEMA FROM THE PRESENT AND I IWUflT— R IO«BlflWr y <BT^FNC 'FACTOR 
OF REDUCTION DUE TO WYWDEMA TO l.« 410 *H0tt IWNOBIA FROM THE 
REASONS OF REDUCTION. <" " ■ » "-H • ; ' - 



*Hm do you cfMefc avii1t1v1ty *•• to pottftffi*?* 

<doocrlbo-»othod Hchoek (•ontttlvlty <*io Ho potttoti*))))]) 

Mm Utl* h>»f**t *1ngl**x?l*t*t1on of *****. 

10 0NECK ^SSNSlTIff m £UE* TS^FOTAH 

1*1 ASK THEUSWIHE LEVEL OF SCTUHTOTAS8IMM. 

2. I ASK THE USER THE STATUS OF DIURETIC^. 

3. IF THE PATIENT IS RECEIVING DjUJETlCS TfEN 1 ASfC THE JJ8BR THE TYPE OF 



^^sj^fsSs^? 
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DIURETIC USE AND ASK THE USER THE STATUS BFH0»WIB*«*PLE«ENT USE. 

A. I DO ONE OF THE FOLLOUlNDi 

A.l IF THE LEVEL OF SEAun POTASSIUM IS LESS ^mm^W THW I DO THE 
FOLLOWINS SUMTEPSi • <%\ 

4.1.1 I SET THE FACTOR OF REDUCTION QUE TO IMPOKALEttiA TO SU67. 

4.1.2 I AM ' .HvAaM^ ' TO I* PWEfcHT WECJABLE 
CONDfTIONS, " • >. ■ 

4.1.3 1 BEHOVE HYPOKALEMIA FRQN THE fEfiRAjjP f CONDITIONS. 

' 4.1.4 1 add mmkj^^vi^^J^f^0ii' ' 

4.1.S I SUGGEST HATCHING FOR TOXICITY DUE TO HVFtKALEfllA, 

4.2 OTHERHISE. I ADD HYPOKALEMIA TO THE OEOMDEABLE CONDITIONS. 
REMOVE HYPOKALEMIA FROM THE PRESENT AW CORRECTABLE CONDITIONS* 
REMOVE HYPOKALEMIA FROM THE REASONS GF HBDUCTMN AND SET THE FACTOR 
OF REDUCTION DUE TO HYPOKALEMIA TO l.St. ^ ** 1 '-''** r s 

S. IF THE LEVEL OF SERUM POTASSIUM IS LESS THAN 3.78, THE PATIENT IS 
RECEJVH© BJtiRBHCS, -,#* ,WEu-NkTiair **U *H»>:.««t¥4Nft ' PftlASUUft 
SUFfttiNEMlS WEN I SUSESt^PBTABSIUR ajWJaWTNBE. >" 

G. I 00 ONE OF THE FOLLOWNGi 

6.1 IF THE PATIENT IS RECElVlllf ffiufelCsV T*l PATIENT IS NOT 
RECEIVING POTASSIUn SUPPLEMENTS, AND THE TYPE OF DIURETIC USE IS 

6.1.1 I SET THE FACTOR OF REDUCTION DUE TO POTENTIAL POTASSIUN 

L^.PU£^J(IUREJU^^ ■:.*■■-■*.■■-*. 

6.1.2 I ADD POTENTIAL POTASSIUN LOSS DUE TO DIURETICS TO THE 
REASONS OF REDUCTION. ^ ^ ,. a 



B.i.* i hbbow mamim. totasbwi lobs me m mmmmsnm 

THE OEGRAOEASLE CONDITIONS. 

6.1.5 I SUGGEST HATCHING FOR TOXICITY DUE TO POTENTIAL POTASSIUM 
UQ8B OUE-tO^WUWftCS. - ' x '*--'-x f i& " "* " i 

6.2 OTHERWISE. I AOD POTENTIAL POTASSIUM LOSS OUE TO «flJHBTI€S TO THE 
OEGRAOEASLE CONPITIOMS. REMOVE POTENTIAL POTASSIUM LOSS DUE TO 

omerwtt **mm mmm mimm\tm?imn im, set *e factor 

OF REDUCTION. ^ffi!7?*M8T 

7. if #tlev«l ^^mm^^mm^wm^m^^^ ^patient is 



TA* iyato* co* «l«o *scrftM «****•£ ,. 3 Hot m, 1* cm t*1h*M imot < 
ftoooofMtf <Awf*0 a. j^tlattir «itt*l«*J- atiiMNlllii MXJt* HiiHifc* »ih A» 
*y*fcfo»t, tftfo root*, tat In. try ^^fgg^p^ j* 



DfoftoTf j AoViwr, ttii w ft My A* «M# 

-»< ! * ," - 'U r-.-*M*t 

tow #tt yo« cftoc* MiMftfirfty *m U ****** ****** ftr t*H p*l9*t?' 

(dsocribo-ovont ((chock (tor»mvity ^m'^tPMtWl^MH^^Mj) 

DO YOU ONLY UANT TO SEE EVENTS FROM THE C UMCtl MISSION ? (TES OR NO) n 
7*0 .y,t« cm' Mffefft t«m ^ -** M «&■£ « tfto 



current MMiM, otoco ft r il tf I r t Aft iW^yPMrtMt: JlMi com, 
only on* oooot fro* * prmrfom «oo#fo» f» «*opr, «f«cc t*o artftotf for 
cftockfoo ocuoftfvfty *« to tftyroftf-fiwetfoo ft imciM o»!y 



DURING THE SESSION ON 3/21/76 AT lltlO. I CHECKED SENSITIVITY DUE TO 
THYROID-FUNCTION SY EXECUTING THE FOLLOWING STEPS. 

1. I ASKED THE US ER TH E STAT US OF MYXEDEMA. THE USER RESPONDED THAT THE 
STATUS OF MYXEDEMA MAS PRESBtT. 



2* 



2. SINCE THE STATUS OF MYXEDEMA UAS PRESENT I DID THEFULMIUINGl 

2.1 I ADDED MYXEDEMA TO THE Pmm f mQMm$te^WQm. THE 
PRESENT AND CORRECTABLE CONDITIONS THEN BECAME MYXEDEMA. 

2.2 I REMOVED HYXEOEMA FROM THE OEGRADEABLE CONDITIONS. THE 
OEGRABEAflLE CONDITIONS ^-JHBfe - SfCA|E t -rlfW»»«Mb H^POXEMiA, 
CAflliORVOPATHlW-ni, AND POTENTIAL POTASSWHAJp^E TO OHJBEJW. 

2.3 I SET THE EACTORDF flBWCTION IfEjjft lflMDn| i _m,t«6Z» THE 
FACTOR OF REDUCTION DUE TO MYXEDEMA m^mimmW^F^^^^ 

2.4 I ADDED MYXEDEMA TO THE REASONS «■• REDUCTION. THE REASONS OF 
REDUCTION THEN BECAME MYXEDEMA. 



"Km 414 ywi cluck aumitiwUy 4m «* *mmfm F* th1» mtiwtf 

UtoterilM^vant t(ch*efc (iitottlvlig (du« (to pot«wlu»))>)l) 

DO YOU ONLY UANT TO SEE EVENTS FROM THE CURRENT SESSION? (YES OR NO) n 

DURING THE SESSION ON < 9/21/76 AT 1MB, I CHECKED SENSITIVITY DUE TO 
POTASSIUM BY EXECUTING THE FOLLOW!* STEPS* a 

1. I ASKED THE USER THE LE*EL DF SERUM POTASSIUM. THE USER RESPONDED THAT 
THE LEVEL OF SERUM POTASSIUM HAS 4. 

2. I ASKED THE USER THE STATUS OF DIURETIC USE. THE USER RESPONDED THAT 
THE PATIENT WAS NOT RECEIVING DIURETICS. 

3* SINCE, THE LEVEL OF SERUM POTASSIUM WAS NOT l: )M TRAM 3,7I\ I DID THE 
FTXLOHTNGi \ • ~ _ 

3.1 I SET THE FACTOR OF REDUCTION DUE TO HYPOKALEMIA TO 1.80. THE 
FACTOR OF REDUCTION DUE TO HYPOKALEMIA UAS PREVIOUSLY UNDETERMINED. 

4. SINCE THE PATIENT UAS NOT RECEIVING DIURETICS, I DID THE FOLLOUINGi 
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4. 1 I SET W£ FACTOR IF REDUCTION QBE TO fraENTML RBTASSINH UBS DUE 
TO DIURETICS TO 1.80. TIC FACTOR OF REDUCTION DUE TO POTENTIAL 
POTASSIUM 10S8 8UE TO OIURETICS l^^teflflOStt IJNMILflfUNED, 



DURING THE CURRENT SESSION, I CHECK® SENSFT*Vf TV SUE TO *0T*9SIUM BY 
EXECUTING THE FOLLOWING STfPSt 

1. I ASKED THEJfiER HfcJJW&VBF SERUM IWSSWV *€ USER RESPONDED THAT 
THE LEVEL OF SEWfr flWASBTUff UAt3. 

2. I ASKED THE USER THE 'STATUS OF DIURETIC USE. ^ USER mPONDED THAT 
THE PATIENT UAS NOT RECEIVING OIURETICS. 

3. SINCE THE LEVEL OF SERUH POTASSIUtl HAS LESS THAN 3.7S I DID THE 
FOLLOUING: 

3.1 I SET THE FACTOR OF SEDUCTION OK 10 HVPSttlkENlA TO *.B7. THE 
FACTOR OF REDUCTION DUE TO HYPOKALEMIA HAS PREVIOUSLY 1.80. 



3.2 I ADDED HYPOKALEWA TO THE PRESENT AW CORRECTABLE CONDJT I QMS. 
THE PRESENT AND CORRECTABLE CONDITIONS THEN BECAME flYXEOBIA AND 
HYPOKALEfllA. 

3.3 I REMOVED HYPOKALEMIA FROM THE OEGRADEABLE CONDITIONS. THE 
0EGRADEA8LE CONDITIONS THEN BECAME WPBNBH*, GARBiONWBP*THIiS-4f I , 
AND PQT^WL?0|ftOBB# UOS$*BUE T04HNBETICS. 

3.4 I ADDED HYPOKALEMIA TO THE REBJONsiF R^UtflTJN. THE REASONS OF 
REDUCTION THEN BECAME MYXEDEMA AMD HYRBCAfciNlA. « r , 

3.5 I SUGGESTED MATCHING FOR TOXICITY HIE TO HYPOKALEMIA. 

4. SINCE THE PATIENT UAS NOT RECEIVING DIURETICS, I DH3 THE FJLLOttNGs 

4.1 I SET THE FACWR OF REDUCTlflN QUE TO RQJgjfftgL POTASSUJ M LOSS D UE 
TO DIURETICS TO l.BB. THE FACTOR OF REKKTHM T3UE tFrOTOTIIL 
POTASSIUM LOSS DUE TO OIURETICS DID NOT CHANGE. 
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"Now did you coMputo too factor of «7t«r#tfo* for .^frf %«««•?* . ,. 
(Awcrlbo-oyont [(coopMto (foqtar «ltor«t lop))l) 
DO YOU ONLY WANT TO SEE EVENTS FROM THE OJftTENT S#ttQN? JVESOR NO) n 



DURING THE SESSION ON 9/21/76 AT 11.18, I COATED "THE FACTOR OF 
ALTERATION BY EXECUTING THE FOLLOUING STEPSi 

1. I SET THE FACTOR OF ETERAttON-Ol* TOlSBtirmfTiiS TO THE PRODUCT oV 
THE FACTOR OF REDUCTION DUE TO ADVANCED AGE 11.18), THE FACTOR OF 
REDUCTION DUE TO HYPERCALCEMIA C1.88U THE FACTOR - OF 4 REDUCTION DUE TQ 
HYPOKALEMIA (1.88), THE FACTOR ; OF RBlim»f*D^^ 

LOSS OUE TO DIURETICS (1.88). THE FACTOR OF REDUCTION DUE TO HYPOXEMIA 

TO SENSITIVITIES CHANGED FROM UNDETERMINED TO 8.67. 

2. SINCE THE I KAL WEIGHT OF THE P^ 

OF ALTERATION . TO JHE PRODUCT OF THE JCTOJ JE ITERATION OUE TO 
SENSITIYJTIES (f.67) AND THE qUOTifNT #,jfeli& fl Pt.of .TW J PATIENT f72) 
AND, *$.«*. ' THTFACtOR^ ^TjlJtSnSN^^ *9 ••80- 

Noto tftot Nftoo m nomMctl Wft»1t ft bm# 1n « *0*ow**tf#n, too vtfTtio Of 
tfco Korfoofo f« orfnftotf *» oorofttftoM* following Mo wfoolo. 

DURING THE CURRENT SESSION, I COMPUTEO THE FACTOR OF ALTERATION BY 
EXECUTING TH| fpLLOMl,||G^TJPSi 

1. I S€T TH#FAEW0F A^^ P?°PV1 T & 



THE FACTOR ' OF^|#qjinof W|' 10, AWto ,AGr^g>|8|. m FACI8R OF 
REDUCTION DUE ^0 HlWeli I , W ! FAGT« 'IF RBBUCTfBN '-DU* TO 

HYPOKALEMIA (8,67), THE FACTOR OF REDUCTION DUE TO POTENTIAL POT^BflUM 
LOSS OUE TO DIURETICS (1.88), THE FACTOR OF REDUCTION OUE TO HYPOXEMIA 
(1.88), THE FACTOR OF REDUCTION DUE TO MYXEDEMA (8.67), AND THE FACTOR OF 
REDUCTION DUE TO CARDIOMYOPATHY-MI (1.88). THE FACTOR OF ALTERATION DUE 
TO SENSITIVITIES CHANGED FROM 8.67 TO 8.4S, 

2. SINCE THE IDEAL HEIGHT OF THE PATIENT UAS UNDETERMINED I SET THE FACTOR 
OF ALTERATION TO THE PRODUCT OF THE FACTOR OF ALTERATION OUE TO 
SBBf froffiS !8.4§) AN? ^QUOTIENT IF* JtEfJMfftF 4ti» WVftBIT (72) 
AND 78.88. THE FACTOR OF ALTERATION CHANGED FROM 8.68 TO 8.48. 
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a&3 ExptaWng How a VorMtfo to Uaod In Oonorol 



Too systo* con olso txp7«*n torn d p*rtf«?or vortofrt* f* *s#d by tH» 
system oftfcor 1n oTtoo or ovoftts. Too systm d****»iftf*OM ootwooff too 

do*e**i«o* •!? t*o mw tut oortotto [fmmm mmmmt *» •*•* f **•• 

tvoTuotooV f n tM fl«t «*t**H« #frtd»r, 

•In oooorol, taw it jup-wt m« i^*om of rM ht ctlwty , 



(cteoCTibo-uM~in~«o*fco4 KrMWM induct ton)]) 



' * :' A ' 



i use mmmmaFMmm w the following hays* 



UHiLE TOEATINBrOEFWIjtli TOXICITY I QQ THE FQLLOWNG STEP: 

i. -if either cm t m, the reasons «f 



THE PATIENT HAS A OMCTAttE CONDITION UNO* IN* « CONHttaUTlNB TO THIS 
T8XJC WSPOWE «W m.CSWKT 1 - 



"^"S 




WHILE SUGGESTING DIGITALIS THERAPY IS NOT A PPRO P R IATE I DO THE FOLLOWING 

STEP* -, r '- " 

1. IF HYPOXEMIA IS NOT ONE OF THE REASONS OF REDUCTION AND HYPOKALEMIA TS 
NOT ONE, OF THE ^nTWy QF w «BUGTiaNi W£--teW vMmmmmm "SINCE 
RESPONSE OF THE P*f*§ff} ISVtl ... Jli ^....-, 

I|I% fctNEi* Itftli OP .<I*3Pli j 



^'i* 



INSTANCE". . .. .; *•****«.* .^ 



23.4 SxpWnlno How o Voriofatoio Sot in Conor* 



ro#t O0«««fo* «•** UNI 
goo? can oo «ti. 



sytfioo to «*»7«ii» »* t*«* ttw *ody *toroo 



•Now do yoo dot too body otoroo tool?" 
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(doocr 1 b«-«ot~ ln»—tho<* HtM^ta bodv^t» coa go a l ) I ) 
I SET WE BODY-STORES GOAL IN THE FCLLQUING WAYS* . 

UHILE COMPUTING IHE BSOt-STWCS GOM. I 00 THE PB&Mfffrinp?; 

1. I SEt THE BOJJV-STGRES GOAL TO THE PlttOUBT „0f; ''tifetitG$ill OF ALTEBATIOH 
AND THE BASIC BODY-STORES GOAL. 

UHILE TREATING NO .TOXICITY. ACCOMPANIED*** BB*I|rfl %j£A$$GI I DO 

THE FOLLOWING STEPj " "'" 

1. IIIO ONE OF THE FOLLOUiNBi /■-.;/. V 

1.1 IF THE PHASE OF TREATMENT IS LoinNG^TlGE THEN I 00 THE 
FOLLOUING SUBSTEPSt 

1.1.1 I S&ITCft TO MAINTENANCE. 

1.2 OTHERWISE, I SAY THE SENTENCE "CONTINUE THE 1%#niil«CE tfROSRAH 
AND REPORT ANY CHANGES" AND SET THE BODY-STORES GOAL TO THE QUOTIENT 
OF THE LEYEL OF THE PROJECTED AMOUNT OF DIGITALIS IN THE PATIENT AND 
THE FACTOR OF ALTERATION. 



'" AfSO; 1 } 



ThU 1» a question %sk1ng km tfto factor ©f alteration »a* nut for tfcff 
particular oatfaot. A%t# St •wot« fro. tl* #^*tfol 'io.of oo ort fooii* 
on* tffaaTayta* o« «•?? m tftoaa fro* tea ctfrraa* mm too. 

•Now tffd you us« tit* factor of alteration <n tftfa com?* 

(doocr ibo-uaa-in-ovont [(factor alteration)]) 
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DO YOU ONLY WANT TO SEE fVEKfS PR* THE OJRRE*? SESSION? fYES Off1*» n 

DURING THE SESSION ON 9/21/76 /ST tlti* I USED THE FACTOR OF ALteWTION W 
THE FOLLOWING MY UHILE CONFUTING THE BODY-STORES GOAL* 

1. I SET THE BODY-CURES GOAL TO WE PNWHEf » MPWMl O F Atfti fcflO* 
(0.69) AND THE BASIC BOOY^TORfS GOAL W.B1J* THE BOOY-STORES GOAL 
CHANGS5 PRO* UNOETENtTlWD TO •iflttV 

DURING THE CURRENT SESSION. I, USD THE FACTOR OF ALTERATION IN THE 
FOLLOWrNB UAY MHttf TJBflPUT?N6 THE KtfftfBMlNL* 

1. I SET THE BODY-STORES GOAL TO THE WPgCT ,0F THE FACT OR OF 
ALTERATION<t.4G) AND THE BASIC BODY-STORES BttrfKO*'. 1*€ BOBMftWES 
GOAL CHANGED FRDN B4& TO Bv3B% 

I USED THE FACTOR OF ALTERATION IN THE FOLLOWING HAY, UHILE CONPUTING THE 
BODY-STORES GOALt 

i/ r sir the aajy-STORES coal to the m*&,MM>N& m W. ^ iteration 

(0.46) AND THE BAStC W-STORES GOAL MLItU THE BODY-STORES GOAL DIO 
NOT CHANGE FRDN«u37. 



33M Ex p loitin g HowoVo rt o b lo wm Sot in Particular 

TAt* fa tfta cormMpon41ng waatfoa aaAfe* **» tfta factor of alteration 

Mt. 

"How did yew Mt toa factor of titration 1m tkU caaaf* 

(dopcrlbo-«ot-in-ovont [(factor alteration)]) 

DO YOU ONLY UANT TO SEE EYENTS FROtl THE CURRENT SESSION? (YES OR NO) n 

DURING THE SESSION ON 9/21/76 AT lit 10, I USED THE FACTOR OF ALTERATION IN 
THE FOLLOWING HAY WHILE CONFUTING THE FACTOR OF ALTERATION* 



^■-'.■£?#fr=* 
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1. SINCE THE IOEAL HEIGHT OF THE PATIENT MAS UNDEfflRMiNEO % l ;^9 THE SACfQR 
OF /ITERATION TO THE PRODUCT OF THE FACTOR OF ALTERATION DUE TO 
SENSITIVITIES (9.67) AND THE QUOTIENT OF TRE HEIGHT OF THE PATIENT (72) 
AND 70. «. THE FACTOR OF ALTERATMN flM*WMOffE1 UMBWEBtttNEO TO i;S8. 

DURING THE CURRENT SESSION* I USED THE FACTOR OF ALTERATION HI THE 
FOLLOWING HAY WHILE COMPUTING THE FACTOR OF ALTERATIONi 

1. SINCE THEHOEAL WHGHT CF THE PATIENT HAS tfttTERMi» I SET THE FACTOR 
OF ALTERATION TO THE PRODUCT OF THE FACTOR OF ALTERATION DUE TO 
SENSITIVITIES (S.46) AND THE OUDTIENT OF THE HEIGHT OF THE PATIENT (72) 
AND 7MR. < -THE' fAGTOR JFr ALTERATION CHAHGEB FROM t*f» TO «,♦«. ~ v . 



SL3.7 SMpWfririB Hcaw ■ MvtHod msy bs CMsd 

TIm aystam cm *1*o Inform tt* u*w &r tlm my tm*t • oMwm ti«nt mm 
c«T7«tf. In th» *xmM *!*, m f1r*t ** S31 U*B*&t*H *myM MUtt • 
mlmm wy tm c«??ctf, Miami by mn •xpt«wt#M of tmm mwy thst ft mnm 

"MNw do you chock s«n«ftfvfty Am to ootoMfoo?" 

(find-Mhy-oothod ((chock (tonoltivity (duo (to potoooiuo)))))) 

I CALL CHECK SENSITIVITY DUE TO POTASSIUM IN THE FOLLOWING WAYSi 

WHILE CHECKING SENSITIVITIES I 00 THE FOLLOWING STEPt 
1. I CHECK SENSITIVITY DUE TO POTASSIUM. 

WHILE ADJUSTING FOR CHANGE IN SENSITIVITIES I DO THE FOLLOWING STEPSi 

1. IF ONE OF THE IMPROVED CONDITIONS IS HYPOKALEMIA THEN I CHECK 
SENSITIVITY DUE TO POTASSIUM. 

2. IF ONE OF THE WORSENED CONDITIONS IS HYPOKALEMIA THEN I CHECK 
SENSITIVITY DUE TO POTASSIUM. 
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"Mhcit #** you cftvcfc *mmtt&m §m m mu—im f9f *M« *t*w»t?» 

(f lnd-whg-«v«fTt Cfetwdi (NnsttWity ttfat (to pet«««U*nH}> 

DO YOU ONLY UANT TO SBE EVENTS FJttl THE BfWNT SESSION? (YES OR NO* n 

DURING THE SESSION ON S/tl/76 AT 11»1«. I CALLED CHECK SWBWIVIT* J OBE T9 
POTASSIUM IN THE FOLLOWING NAY WHILE CHECK1NB SENBITIYITIESt 

1. I CHECKED SENSITIVITY DUE TO POTASSIUM* THE FACTOR OF REDUCTION DUE TO 
HYPOKALEMIA MAS 1.66 AMD THE FACTOR OF DEDUCTION QUE TO POTENTIAL 
POTASSIUM LOSS DUE TO DIURETICS WAS I. St. 

DURING THE CURRENT SESSION, t CALLED QWmSamiWtm DME TO POTASSIUM N* 
THE FOLLOWING mt UMLE MUST Mi FOR CHANGE J* 8ENWT Wi TiESt 

1. SINCE THE WORSENED CONDITIONS UAS HYPOKALEMIA I CMttKSB, SENSITIVITY ONE 
TO POTASSIUM. THEFACIflROFRBWCIIONOMJ TtMWW S.S7 AND THE 

FACTOR OF REDUCTION DUE TO POTENTIAL POTASSIUM LOBS DUE 10 DIURETICS MAS 

1.66. -•**■• vf.-v:- -• *r, , . 
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Chapter 3: Explanation - How it f s Done 

&1 Introduction 

Several features of the OWL I Isntuags and I j|a > atnipturf o| thj Ojgitalfci Advisor itself 
■ make It possible to product explanations convenientty. First, the 0#. X Wterpreter and data 
base provide a number of date rtrugturet that are helpful in <^tructirw. axpianations. 
Second, since tha form of OWL I exj^esstams is close to gnp|*b, a relatively simple program 
can be used to generate ,.fn||eb.,, from OWL L Thjrd| ^ proa/am sjruchjre of the Advisor 
attempts tp, modal the = PJM»b|p aptylng jecbjiiqMes. used, b^ apart cardiologists. Fourth, thp 
usa of alternate models allows tbe system to pr^^ 
These features will ba described In dttaH to this chapter. 

This cbaptar wMI ajep describe the function, that a«pWn fronts and plans, those thet 
describe, how th|> plans .am caNad and why the eve^s wff e^ ^o^teo^a^^ 
tha use and setting of variables^ evenjs and I plans, l^<*stM| wW be described in Chapter 4. 

3.2 Thf $*/L K nqwl o df o Bpoo and Interpreter 

OWL I has a number of fast utm whteh fsdWita producMt©<flih Sitplsnsttor* of OWL I 
cdda. tha ontire OWL t system bffci complex to bs d s ieribad hara, howavar, I wffl attempt 
to outline tha basics of OWL 1, and describe In alia W^iMbi+lM&iii'iktf »* particularly 
important in making explanations. If the reader desires a daapar unoar standlnf of tha 
linfuiatic thaory on which tha OWL projact is based W can consult MarttnPOT end 
HawkinaonCU]. 
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33.1 Thi Ki Mwi o dg o fl— 

Almost all the information that an OWL 1 system possesses resides, in ,«».. knowledge 
base. Here one may find program*, traces of pr ograms, h ie ra r ch i c al structures of English, and 
so forth. AH the modules that make up tha OWL 1 system have senses to the knowledge base 
end they communicate through It In this way, 'i^''mii^'i^'MIAilm the state of the 
world at any lime. A conscious effort has been mada to avoid *hk*ng" information in USP 
recursive push-down stacks and similar internal structures. 

AH the information in the knowledge base 4 'represents* « concept*. A concept has 
three parts: a genere«wr/a speeiatosr, and a refarence ft* tie concepts are organized in a 
hierarchy. The generaNzer of a concept is a link to a concept wtscti is higher in the hierarchy. 
It corresponds to the "a-kind-of" Mr* m other very high level la nguages . The speciaHzer of a 
concept is also a Or* to a concept*. The spacMRzer of a concept tt the chief feature or notion 
that makes that concept Afferent from others of its das*. Hie r efer e nc e list of a concept is, 
as the name implies, a list of aH the references to the concept A* the concepts which use 
some other concept as generaHzer or spadaNzer wiN appear on Hie reference Mst of that 
concept. In addition, the value (if any) of a concept wW be on the reference list as weM es all 
those concepts which use that concept as s value. Tna OWL KrwwJedge Base Mender causes 
' eH the. items, above to appear on reference lists autanstfeaBV. In addn1e«,.trm user may place 
e concept on the reference .,11st pt aw»Mu>f concept espiici^ty. 

When printed by the OWL printer, concepts appear enclosed in brackets es two-tuples 
followed by their reference Hsts: 



3. There is one exception. The specMizer of a concept may awe be a link to a symbol. 
Symbols arm character strings which roughly correspond to EngNah words. Symbols are used 
to place English words in the kno wled ge base. 



?* 



[(pansraUiar spsclsllxsr) 
reference- I ta*-l 
reference- ite*-2 
reference-! tee~3 



reference- i tea-nl 



Perhaps a tow examples taken from tht Difitaik Advieor wW help to dear aN this up. 

■;.:■,'!- .5:,-. '■'. fjft' 4 

As the Advisor computes tha body atom goal 4 , it adjusts tha amount baaad on the factor of 
alteration. In OWL I, tha factor of alteration appears at #«n0^tEB*TlQNk FACTOR »a 
tha jew el aKia i, wMo ALTWATIOfCie thl «|m<»sttajr. ffrACTOR ALTERATION] ia automatically 
placod on tha rofaranea lista of both FACTOR and ALTERATION by tho OWL Knowledge Baaa 



[ALTERATION 
■.• VICTOR ALTERATION)] - 

(FACTOR 

(FACTOR ALTERATION)] 

It ia poeetoto to «nd aH tha places that ♦ osneept Ck *<a^# aa^mWof tto> <»oc^U on^the 
reference H«t of A end then raaurefcety afojaajajftf^tbaic retoeaece JWs. . : Ttds toatora of tilt 
h n owtodg o baaa makes * quite assy to providaa^ptoimttam that to* how • pertkulsf variable 

ia 



3A8 Tho CAM. I mtarprotor 

Programs may ba written m OWL L Thass programs «-• «torad In tha QWL knowledge 
baaa and they ara run by tha OWL I interpreter. Tha repra—nt mW of OWL I programs 
follows tha sama conventions outHnad above. Tha OWL J &£nmfct 'has not been eKtenefvely 



«M^a-aMMM 



4. Tha body atoraa goal is the amount of digital* that slteuto^ Th # the pa$bnt 
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document** however, some information may be found in u i ipo b tsh a d papers by Loof£13] and 
Sunguroffpil 

A plan in OWL I corresponds to • procedure in ether pr o gramm ing languages. A plan it 
a Kind of predicate*. A series of steps is linked to the plan. These steps may be basic OWL I 
primitives or caMs to other plans. A (somewhat simplified) plan from tha HgHaUs Advisor w 
shown below: 

ItCHBCK (SENSITIVITY (DUE (TO AOVMCED-AGE) ) ) ) 
. ftETHDth -<*-<- ton - ■■• 

(IF-THEN (GREATER-THAN 70 (AGE PATIENT-)) 

• ■ ■• mxmmGM\ WM > imm*msD -#& «»7s>n 

(BECOTC (FACTOR NEOUCTION^IiWaWffl-AGE l.f)»] 
3.1 An OMLPIan 
This is a plan for shacking for digitalis sensitivity due to advanced age. It says that if the age 
of the patient is greater then 70 than tha factor of redudmn dee to advanced age is set to 
0.75, otherwise, it is set to 1.0. 

It is not necessary that tha reader understand all the details of tha representation, 
however, I win ouHbm * fa#*major peirtt*. The name et hw/p h m appa s is I mw oirts ly to the 
right of tha left bracket, *m. tlCHEBC fSB«ff Wrtf? «UE <T0 «¥AhX3ED-^«£tHH), 
white the *teps of the plan follow the eonelpffa^NOE m&Wim^mmtm'mmtoim*^ 
OOND in LISP, that is, if tha predteeta of tha first douse is not true the next cfmme la 
examined and so on, until tha first clauaa which either has no predteata or a true one ia found 
A BECOME statement is an OWL I primitive used for making sSietfJefisV 

Plans are invoked by caffs in OWL I. As m PLANNBg&l caMs ere matched to plans by e 
pattern matching machanhm Oapending on the state of the worW, tha same eeN may invoke 
two different plans at two different timas. 



5. Predkates in OWL I may be thought of as verbs m En glis h, Sea Mr fa<20] tor a mono 



^m^m-m' ■ ■■■ • ■'^pPitw***** 
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A* • plan axacutat, «t *wrtf a) cnastaaV Tha avant may fa» trwugjrt o*a» a tr •<« of tta» 
axacution of tha plan. Each avant it uniqua to a particular axacution of a plan. Tha avant 
structure contains information eoncorning whan tha plan started ami stoppad axacuting, which 
plan waa usad, which call invokad it, and what avants started axacution during tha avant. 
Evanta ara also craatad by tha axacution of many of tha OM. system priminvos, auch as IF- 
THEN, Oft, and AND. Tha calls for thaaa avantt ara tha OWL stops thaTcroatod thorn.' 'tho 
plant for t h aw events are intarnaKy dtfirad witWn tha OMN. ayataat 

aAaOvVLIond gj qa lo m t i o n 

>»v awiiifw^ . wi' aiaa? liiai'wast aWpfpifiiiaii jwip '4jaaK . , aaiJfr * - jpppbh* w*4tfMW**?P^iJ^iPf*^ i, 'ff' 

PP* *^W(fc^^^^ ^W^I^^aWi^a^^a ,P^*aj|t I1W '#Ja^^ tflPY * IflfWW 9 W- ^V- WJsJj^F*»^^^^^^f ^*^*^^a»* ^^^^''T 

rolativoly aaay to tramlata programs into English. Sacond, simp a» tha svatomV-linpAalajdfp 
■■lf)f idjga to apa placa and in ona rfprasantjiipiv itJs.aaatoj to fiqa^0pja$ts.<*nd datoratina tha 

raMnsjnanipa •atwaon mam» intpo^iiia av^psj^Fpsisw'oy.inp a^o»Pfspa^'|aaa* n pmn^ wv 

■^™w?»n^ *^ *^^** 
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Tha English ganarator ki a madias in tha OWL I system that convarts simpta OWL I 
axpraasiont into English. Tha g a n a rator « a amipw program. Although It knows about tha 



tonaas of verbs, it dot* not try to ecMeva subject-verb egre em ant, or perform any relatively 
sophisticated operations Mia pronoun substitution. In tha O b jH at s - I jo Vi a o r, Ilia oxpionetkm 
routinaa braaK apart harry co mp l a x program m ing construct* into abasia p hr aia t and 
expressions which ere output by tha ganarator. 

Tha ganarator is passed seme (DR. I a xpre s si e n . if tha i p ac i s llt a r of tha expression is 
a symbol, which maans that the exprassien is just a sim pls Eh ghsh ward, th* system print* it. 
Or th> ethw hand, tf thi men snisn fr»ejM«iea*ipm%N^ 
w t fhm|pV"'-©rm v ojr ws^flnw*ll*3taieeien^^ 
wia cOncapt war. ••-.•-.,, y-^. ; » ^ ■..-..- 

fa rm 1, the coneapt IW g»f* may sppeerm PsjftiH a» *g, 1*, *Of t^fciit 

yI Of A j rfw EJ^HM I fOrfr? wf -• COVICVprwnlsTCvlVv^vy'PNpW^'W Wtf^^^W^tK^t^tWi^w^wtw^fm 

in riiiBi Asms* " ImeOaalaiOmftaimAi m^ltaoi ssSfciiaieapim jld»t iH^M -^ittiiaMtf '-^.-^^aiHIaf ^a^^Mi^daftMattvMalto "jAms* 

fWwppr inn. iwtTiPiwi^jjjpy^pn^fsW f^Wsjf^www'iiw^^ »wi 

example, akwa tha descriptor SMPECMLlffiR ia found on the rofaionaa H«t ef the aeneept 
TYPE, tha Engfeah form of ((TYPE CJa^IAMWlliOJ m lype of aaralae-rhythm". Whan 
trying to determine tha EngMah form of a concept, the g a n s ral a r oxem i n a s tha refarance list of 
tha coneapt. If there is no d aacripto r thare, it s xam i n a i tha ref e re n t* fteta of tha suceaaaiva 
generaHaers of tha coneapt until it finds a dsicrtptor that indicate! tha English form of the 
coneapt. Tha various typaa of concapt s and thair eatout farms are listed baw w : 



D* M M9Q 8 ST9 V#TfflM9S h9f*#. 



■■-- Intetmof SpecrfoMaar •• • "■',*•■*♦" v ■- s*, 

NMlng Special izer 

Classifying SpesrteHzer ?fj *•■**# aV^sv* ■ 
Of Special Izer 4 of 

Object Special I zsc A0 

3.2 Types of Specialization 

After determining the propor order for output, the generator ceils itself recursively to 
output tho specieHzer and goner s i tt er part of the concopt. It continues to brook concepts 
opart until tha pieces are just OWL symbols (cor raa ponoT ng to English words), which aro than 
printed. 

There aro a few consider stiont which .make tNa scheme s Mtle imjre complex. For ono 

thing, tharo is not a ono-to-ona mapp i ng between OWL concepts and English. A "run" in a 

lady'* stocking is vary different from tha *Vun" hi *VtM around the Mock", and wo would want 

to novo separate concopts in OM, I to re prese nt each idea, yet tho soma English word is used 

to express both ideas. To got around this prob le m, OWL I allows tha usor to tpocJfy tho 

English "name" of a concopt. Thus tho notion of a run in a stocking might appear as: 

tCTEAR STOCKING) 
NAflEt RUM 

This notation says that tha concopt (TEAR STOCKING) is expressed in English as •VioV. While 

outputing concopts, tho gonarator chscks to sao if an oxp r cs si e n is "nomad" by soma othor 

exp ression . If it is, tha gonarator outputs tha noma of tha concopt instead of tha concopt. 

Tho gonarator is a rathar simple program, yot It is quite flexible, and it is edoquete for 

producing explanations. As tha OWL I system bec om e s more s op h i st i c ated, it is likely that a 

more complex generator will be required. The current version of the generator Is controlled 

largely by syntax, and that m a kes it difficult to output an e xpr es si o n properly when semantic 

considerations are important As an example, the generator has a great deal of difficulty 
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deciding whether or not to place a "the" in front of a noun group, because that decision is 
based on semantics as well as syntax. Thus, although the current generator is not by any 
means the ultimate generator, it is adequate for the Digitalis Advisor. 



^fc^r vWWiRn ^a^Na^fa^aW oT^P^prwawi^NslW^Bsi »-o^P^f7^JaW^f^^tW^J ^*^m 



3.4.1 Introduction 

Tha ektif nar Of i systam that can s*>lsiri tttstf fass** mmmor of proMamt. On* if to 
provide the user witti an explanation that mmwi his Question, yet <to«« not swamp him with 



irrolovMit detaila. To accomplish tMo, tha information uo i ital waa' 4tv^th» «yatam g—<to to 1m 
structured in soma way. Different methods for structuring tha information havo boon 
proposed. 

In tha MYCIN system, Devia[12] uaas tha cortainty factor of a rulo aa an indication of its 
"in f or mattewa i ca w tanT . Those *u»a« 'thatahevo- a htghsr tmtaiiity tscsor sfa ssM to contain 
loss to ** mu tto n , because th» assignors of MVGiM feat thet they ere mora W aWinitiona, 



Rut e s with- iowof cortainty factors th e nce loss cortom oowslusioos) supposedly co nt a i n moro 

..<-:&' *■>■■■* f*u;: r^«-.^-;d ■■>**&$.'-■ a' ■: 
information. This information is used by tha systom in eon junction with a number supplied by 



tho uoar to determine*** many tows to dfcpmy whan a IWfT ajawflniite asteoct If th»«oai> 
ait h«v* high csrtamty factor* then siafiy af »a« w« ba dis|<ay«d at onc«, whits if low 
cortainty factors pro do m inot a , taw wM be displsyad. if toowmyior bmiow goals -.ofe 
displayed, tha uaor may adjust tha number ha suppHaOr^lliottawrl*^^ 
provMo 1hO uaor wWh m s umm a r y. This approach^aats on tha «ther«woah si s umpt ion that 
th* i m p ortant a of a rum wra ft o il s d by haw cartam Onamay b»«bout its conclusio n. Vol in 
fact, In many eppNsetions, tho mtportenso of • waWhvcemasstshrinswpunpsnc of tho aesteinty 
of He conekmjon. In * t*C Im b aj oi i fw ts w tor auto repair [11. pejosa*! cond umom co utd ba 
reached wtth Nttto biwaelnoaas' ! tjMm,^tbo*asbja^oaa>aj|Bf- abcmo-waPoopptiod to tho fujps 
> of tho auto rwpsir system, j»atau M WU t ufc i that' thsy mows eH. ab out a o u s w / Imports*!. It is 
net tKuJty thot that to correct it saoms that far many ip|i|lirt|pn; a dltter** mothod lor 
providing summarioa is required. 



Ill a MMMf 4HM%:|MM|NlP^ 4t IjImmWliapa** 
fcnowtadga In tha rum format. Oav» [12, pap »] ***••: 



"A _ problatn is tha limit on tha amount of 
•xproMod In a «*na> naa. Actiom which 

difficult to do, and often pro*wi 
Oavta [12,*a«*<2«i]«tao*aaar«aat 



can c onvan i ant iy ba 
thm writ ara ofton 



"Rutet ara a roaaanaWy natural and 
what may be t o rm ed *tma> JawaT 
dect*k>m or actions in tarms of a rum. 



form Of 

-tt is 



Experience with MYCIN he* de monstrat e d , 

amk>'#m ^fmapmm -Joed do^mddm4P; 
procadurai terms, and find flo w charts *he 



e nc o din g for 



, that even experts 

Of 




In deetfning t*o*Om% iBtoJWit *ir»oMt 
*no «l s dga could be pl u oi m « i aa rarchw 

' > Ojroua> ^Moartodld ©BnmeJdenfJjPi ma weiiaeevimil mm 
Digltalm Advwor «-• watt-«h*thiraA - - -■ 

Ammm^femeie* »H|he^^mmmm^4immm' mmmmmmtfMmmfcMmtmmY 
■ '-^^e^fe^W^feW^ lf^PBWB^flWma^'lBf^mlR ■^mmW^PP^ra^fw'T^"^^ 

«mer*s niodai of tha prm hm m ««b ithe prao/oaft 
■ o^aMfii'tHpp«pom«rtlmi''«ml^#iw 
wear's model e* ttw p roa m m miyaty d l ffai m wt w 
the use of rwo inc J e m, owa to rmw m w i t tea pree?w» 
p rob l em. > A pro b hmi with <hw e pp M s rh is that 
'hot'' Otdr m**Hm {migpmmjimt b> the 




pimramro) system *o Jhet 

4Nnaa :iit fe f poaaioto ; Jo 

scythe rOilL 



dfWoaja|Maf|pft>li|o 
*the ca m bi s m. *3lt»V,e* aihen 

rWmf«|MMpWammW|r WtfM.. 1 *"* 



oaarYinodei of *be 

ia mtt ejeefrme 
itimiwss mmiai tt * the imerVimjmel «•>*** It 
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that to avoid tha dangera of dlscrepaBftiaa botwoon, too medals it would be » good idoa 
to ineorporete.tha user's modal. Into theactud prnggam asmoch : *s poaaibls. 

Still onpthar problem that ather*[12} b*va rwtked k tha prefc^ of indicating the 
Intact" of a pm*e «f • coda. Pr ojraw a ari attempt lo ia dt wt a iotant by choalpg mnemonic 
namaa for variable* and prpcaduref ajri eia^ oom am nti fo tbair ccda. Yatv^onanon 
programming languages threw this IMw-metion away, To tha USP interpreter it make* no 
difference whathar a variab* 1$ called FACTOffcOf -«EPUCIKW Of PATI|ICtS?V*IiaHT 40f 
GQ0001, for that matter) yat thar a -is a t rai a nd o ut o}f|iaa**»,4i^tJ*^^ 
variable. BsJng able to under* tending ,#* Wontton of a v wisWs Of pr c<odur a l« vital if opo ia 
to understand tha WsnHonof a systeat . Even sxper l ea c a d arco /»w» s r t find $ vary difficult 
to understand a program if tha nems* ijaed ki the prcf/amsre impleading c* meaningless. If a 
ayatom ia to explain iteotf, tr» designer must mi ajda tolnoTcata toe Went of the cods, end 

aaasw ■aaW^w^mlaaaliaa^a oiOimp^e^p HWI toaa^aWaawwo'Od »*o s* aag^OHrOVar^PaP w^mwwman •: 

J i 4 i 8 BowgrdlB Modal ft<wjroawnlnpondfj\Aa» t 

In this section, I win attampt to show how tha problems outlinad above may ba 
ameliorated through tha uta of OWL I and Somentic Model Programming (SMPJi SMP ia aetuaHy 
a synthasia of several separate ideas. On* kay paint la that tha nana of a procadura should 
bo a conceptual summary of tha actiona that tha procadura performs. Likewise, tha rolo of a 
variable should bo indicated by its name. Another notion is that aach procedure should bo a 
conceptual unit that models soma action that an export takes in solving a problem. By using 
tha principles of structured programming, it is possible to produce a hierarchy of procedures 
analogous to tha hiararchias produced by tha OWL I notions of specialization and 
decomposition 7 . 



7. Decomposition i« described by Martin [20} 



in tha Gajttatfe AdvHor, tha protodora uatttto «t«ri trwMng • 0«1tont wtfh dbjltalia It 
callad [ (BEGIN THEWTYf J in OWL t m &«Wth t rawtl ah an thauM b» ftowv Or* of tha 
functions that KBE&W 1MBUPYH cafe it • MneNUt thai r«M#*r a<T oWtttfotllas tha 
patior* xuyhivi. R it eattatf t fCHEt* WNSlTIVIfllSW. Cf0«tf SBHitTWTlEttl, in 
turn, cadi a nambar tif fbnettons, ©no of thaw* te^MMUl WBttfTWfY «OUE fTO 
fOTMBtunniH whkh chad* fv d^ilh lanrtlMly m* tt» patiant »aay hava *» »o a 
potattHim habatanea. Whan 4h» plan & K V^-1m ; m$ftimt^mm * dbaertbotfi IfCMBGK 
SENSITIVITIES*) tr IMtptayad without any Of Wl» rtmcturt fr bh aa t h ft. ft au n bw ai ta a i tha 
eattt bafbw it, ao that thay do hot hava to ba tfcplayad II tha war it eurtout about how 
•amWvttia* m* ehadwd, ha fta* am, and ha wttiia that Mr 3 **** lto#a 4a ft- ehoeh 
tOnttth/tty doa h) pattMhim. If ha it «tW wirtay^ >» ibby li^M aboot that •♦»» a« wafl. 
rwltcv Iran if flat fi (m ffiVamwM^ iiw vnofv prWHt ■■"•I 1 'iffaMioWa|'^pnaMiviPOT wwr ■• 
aummarizad m ona ttap, to that ha dbat not towa to J in a mn rtaaw, of OUtpuT that h* daus 
not eara about It chotiW also ba pointed out that tha war naad not ask quaations in a "top- 
down" fashion at datcribad abovo, bot ratto* h» w» m a a hw a* how ina ayatoiii chocks 
aantitivity dua to potassium at any tima if ha dasiraa. 

In tha currant bnpiamantation of tha Oajitaat Advtter, whan a plan it axpJainad, it it 
attumad that whan a c»H it mada to anothar plan, tha call it to ba tahan at a tunwnary of tha 
actiont parformad by that plan. Thut, onty tha ctH it dbplty a d . Tha plan rafarrad to in tha 
call it not oxaminad uniatt tha utar tpadftcaHy asks about it. In tha future, it mbjht turn out 
that it would ba datirabla if tha caff couW ba ftoutd to indteato that tha ptan it rofart to 
thoutd bo cHapisyad In tha currant tmp ia m a nt ation K hat baan adaquata to traat aN caNs to 
plant at summariiations. 

Notica that thit mathod of summartong output eontrattt with tha cortabity factor 
approach adoptbd in MYCIN. Rathar than attomptinf to staka cond utiont about tho 



■ ,.■:.»-:$■■ 



Information content of tnto bmri <m to t&tiitytet*,i*9 m»- M * *\fa -to »trot*uro two 
procedures of the Advisor to that they model the structure of the problem. This methodology 
places a burden on the system designer since he is no longer free to structure tho program in 
any mannar, but instead ha must attempt to modal the problem with it. Tha fact that OWL 1 la 
an English-based language may ba uaad to advantage in constructing an appropriato program 
structure. 

Ungulate gonaraHy baiiava that tha language mad by a group of people roflocta tho 
world aro un d wtemflg} Steaa snow la important -to them, aaW m oi hawe aavorat dtf foront 
worda for it to reflect diffarant texture* and types, yat English-speaking paopla only havo 
one* word tor anew r smce It J* ; muebles* critical te thafellveK IJIwrlho ^Kim o a, phyaktewa 
howo d e v eloped spacld voc sb uteri ai an d piou ad u i a a -te^daal wWh tha p i ab l ai ag cthat c o mm o nly 
confront them Whan M » uaafUi »o thk* of • series of step* aa an aggiogata, thoy oro 
gr o upe d to go Mw i andghronanama which%ant>aj^aiajN teoo*y>4or 

an OWL programmer to name his procedure* after English woreteor phraiMaviho may uso tha 
English terminology usad by physicians to structure Ma program. In that way, tha structure of 
tho program will reflect the structures used by tha beat p ro ble m s o lv e r s in the domain — the. 
human physicians. 



so 



The idea of Semantic Modal Programming paraltels ideas d e v el op ed in etructured 

programming. In ttructurad p r ogra mm in g, ana d s compo a et a pr o bl e m into amaH ar and amaHar 

pieces until the coda to solve a part of tha problem can be written mradty. Qjaetra ia ctearty 

awara of tha relationship between explanation and structured p r ogrammin g. In Ma "Note* on 

Structured Programming" [lft, paga 44] ha states: 

If I judga a program by itself, my central thems, I think, ia that I want tha 
program written dawn at I can understand «Y1 want tt wr it t e n d awn as I 
like to exptem it to • 



Se ma nt ic Modei Programming can ba viewed as 
structured prog« 

into Ha components. The chief oddnion of 
the uaa of Ermiieh st acteewinchesmet&wmosi 



axtenMOnef shxichawd pimgrsnawng. Ae in 



mthat H 

e£ * wtofatem from 
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H.TI Tin OsnlajiBiiim Routlnea I low Tlwi Woiti 

WWWWB* w WWW^ ^aSW^BBWW^SJBJWSJ^WW^WW.W WWmmeBWWWWWP^r' ■ e-WasP^m' ■ BW0mw»' -WW Wl W* 

34L1 Introduction 

In this section, tha various explanation routms* providod by the Bgitsils Advisor aero 

outlined. Tha axplanatton routine that (feats with hypothetic* ittuitlonillilottflicilMhlri, 

:* •. ' 'A ■ - ' v *■ 
it ia dtecussed in Chaptar 4. Tha explanation routir»«<e*oeXx* eitpt«na*tc« dtasctly from tha 

"Jf'V: 

OWL I coda that tha interpreter runt, and fi^ the event structure that the interpreter 
create*. Tha explanations ara not cannad - a change w thaWeaoduTei Urtd by tha Adviaor 
wHI bo reflected in changed explanations. Even thOujMhoy oe» convert the OWL I mathoda to 

EngNeh, tha explanation routine ara quita itatpJa. Sim p licity la paati b fr bacaus* tha OWL 1 

- ,"« 
coda iteetf ia cloee tei€»4?emiBd<tha^ Modal 

•: -'-1 ■ ; "- J,' '■'■"•»-> ' '■ . 

Programming, which faciHtatoa e xplan a tion. 



Ona of tha eimplest explanation routma* ia OMTimCiMWI OP wHeh describe* OWL I 
mathoda (or plane, as tkey ara aba caftadX ThmprOAedarafr dastgnad to answer tha question 

In ganarai, how do you •". DESCRfflE-METMOO describee hew an OWL I procoduro 

works in ganarai, not how it apptias to a particular patient Tha routina ia caNad with a single 
argumont which is tha OWL I plan to ba described. DESCRIBE-METHOO traces out tha linfca 
which cormact tha stops of tha OWL plan and converts stops to English as it oncountara thorn. 
Special routinas are caHed racursivoly to explain certain OWL primitives such as BECOME, IF- 
THEfi and OR. Nota that only OWL primitivas ara "token apart*. If tha systam ancountors a 
call to another OWL I plan, it only dtaptays that cat, It does net examina or describe tha called 
plan, ainca it takes the caN to be a summary of ths actions performed by that plan (because 
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tho system is proframmsd usinc SMPi As it produew m s i tpt s nstfe n, H» system iwdoAts tt» 

output to Indicate ths structure of ths OWL mathad As sn a aama la, an OM. pten Is Hstod 

balow, foHowod by tho En^ish explanation of H listed In Chapter 2. 

((CHECK (SENSITIVITY (DUE (TO THVROID-FUMCTIOItt})) 
PLAttv^ 

StXtMRYi (FACTOR RHJUCTION-roXEDBIA) 
"HETNBBt (IT* i 'TtCN 

(CtJRRENT-VAL (STATU6 MY«DEr1A) UNKNOM) 
4ASK4J9ER (QUANTA TAHt), 
(OR 

(IF-THEN 
(ORjIS 
(STATUS KVXEOBtt PRESENT) 
(ANDtli 
(STAT8S tWMBDBIA UWKNQMN* 
(LESS-THAN 2.S (QUANTA T4))>) 

mcmmmm - ■->> »■ <- 

(CONDI TIQNS CORRECTABLE-AND-PRESENT MYXEDEMA) ) 1 1 , 
(UNBECOTC tOQftttTt^ OHMBBttl^tt^ 
(BECOME (FACTOR REDUCTIOM-MYXEfiEIIA •.67))il, 
(BECOME-ALSO (REASONS RaUCTH**R*«aiN****r 
(ANO 
(BECOME-ALSO 

(CONDITIONS DEGRAOEABLE F1Y)CDEf1A))t2 
(UNBEGOHE 

(CONDITIONS CORRECTA«£-AND^PRESENT MYXEDEMA) )i2 
(BECOME (FACTOR HEDUCTION-MYXEOGN* l.t»)s2 



S^t'T^MirflMk'Corts-to C»w*-':«BP : 'Si«o*M»liVjfM*3€o 



^„-i^^i^f^!2¥?>fr'.^ 
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(d««crit}«-aifthQ(| UchMK teonajtMty (duo (to thgroid-function))))] ) 
TO CHECK SENSITIVITY DUE TO THYROID-FUNCTION I 00 THE FOLLOWING STEPSt 

1. IF THE CURRENT VALUE OF THE STATUS 0F%v1SDM ife UN^tfUH THEN Y AST THE 
USER THE LEVEL OF T4, 

2. I 00 ONE OF THE FOLLOWINGi 

2.1 IF EITHER THE STATUS OF HYXEDEI1A IS PRESENT OR THE STATUS OF 
HYXEOEHA< IS UNKNOWN 4MB IHE Lfem SR H l&i&S BMN ^Sififr THB* I dBO 
THE FOLLOWING SUBSTEPSi 



2.1 . 1 I ADO HYfcEDEflA TO THE PRESENT AND CORRECTABLE CONDI TlflNS. 

2.1.2 1 remove rtweBEHA prow -am mmmEmmwfamm. 

2.1.3 I SET THE FACTOR 0^JBDyCTWNdWEiTO»ttVJ«aENA TO #.fi7i 

2.1.4 I ADO WYXEOim 10 THE REASONS .0^. REDUCTION- 

2.2 OTHERWISE. I ADO NYXEDEHA TO THE 0EC8AQEABLE CONDITIONS, REMOVE 

nvxEoem pnen the prebeht and ojwinm e^tRTTONg, set the factor 

OF RPJCTION DUE m WXEPERA TO 1.8§ AND REMOVE nYXEDEMA FROM THE 
■ ' REASONlFoF REDUCTION. ' r *■ '" ■'--'■-* ':••»*•#"> .■"<***'■ ;~^ *^->-- 

3.4 An English Explanation of tt* Cod« to Cht^ SonaltlVlty Du« to Ny*odifta 



ana QaMaHMm Eyi*** 

Tha oiqptoftation routlna whkh dttcriba* avantt tt HtM, oddly Otwugh, DESCRIBE- 
EVENT. It t* datighod to mtwr tha qdtafioh for th*patt#ht,liO* did you __T. Thfc 
routtno it a Httto mora sophMfcatof tftea i cartata amount of Mr* mutt bo dona to avoid 
matting ndntafltteif •xptanattom. ' tha principal ' citfOrinc* botwoan axplainlnf, avantt and 
oxpMning olona It that whan plant ara OxplOtnad alt powlbta priihf through Wi plan oro 
outRhod, but «rhan avantt ara axptamad, only tn# •Ootffte pith tafcan during tho ovont ia 
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displayed, thus, at on* would expect, the chief o W or o n cos between OESORHiE-METHOD end 
DESCRiBE-EVENT ere to be found in the routines that explain cpndttferui statement*. 

When e simple londrtion e t statement it encountered while oxptslhing sn event, a check is 
made to see if the pr e dicat e ot the conditional succeeded or f el l e d, the event structure 
contains this edorieenon. If trm preolcote fainM^lhefStefimsrc eViss^meHy ooldB)eci?eted^ If 
the predicate tuoc oods d» the pradfcete is given as the reason for ttm actions taken by the 
statement. . J% ,ie not' always essy -sp detewejepj tjwrpasin oi^suecess or ( failure. If the 
predkete ts a disjunction : of dsusot that suctssdi o^ tti dua^ a con|unclioh of etouaos thet 
fens, it is not possible to to* which sub-clause wis responsWe 'for the success or fetture 
without recomputinf the entire e i yr eee lon unless, that Inform stion ie stoned in the event 
structure. For thet reason, whan such s situation W d etected dorif*| a s «ad io n ^|k» interpreter 
also Ms that »ub-<iause responribie Jer the nub-new « ths event structure eiiocieted with 
the Step. In this wsy, it is always possible to give the correct reason for a particular action. 

The OR statement, which may contain several IF-THEN s tatement s, is s more complex 
cese. Recall thet the OR s tat e m e nt corresponds to tile OOWD s t a te m ent in LISP. As such, its 
purpose is somewhat ambiguous. On the one hand, it can be used bike e TM$E statement in 
ALGOL That %,each>of the clauses of the OR buw Jwe*» tba saiw* vsrieWe, and eH of the 
ojeuees together cover • *e« of disjoint posei biiib as . In that cess, the order of the clause* 
usually does not matter*.en4 the most epprepria$e exetaation is merely to than the predteate 
that siicceeded as the ogoess^for ,^,,ejdJonJe^, ? C^tim c*bar Hao4 •«« o* tba dauso* of 
tbo f ,OR, fimf involve • different variable, In that cess, the ordering of ths clause* is often 
. inu>er,tent > end It seeip tiiet io sxe4sliiln^ the 0^ ths s r e ifeabM that failed as weM m tbe one 
thet succeeded should be given as reasons for the actions taken by the statement. To 
determine the type of the OR statement, the exploitation routine examines the variables used 



8. There ere exceptions described in Chapter 4. 
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in tha prodlcotoa bofbro oxptatnlng tha atatamant. It aaama that h Mturo varaldn** tha OWL 
I intarpratar in might bo wall to uaO two dlfWont typoa of Qtf atatomohta to raaoh* tha 

ambiguity. 

Thara af» a few additional conaktoraHom. ftnca a matnod can ba axacutarf aOvarol 
timaa, thara may ba aayaral ayanfe to fKOtotn. Jf,*^ thay aro axptoinad )n : oidar. If apma <£f 
tha avanta occurrad during oroviout tOMiom, tha uaar to-a*bja£# ; jb» A wto^^**oa |ham. If 
ho doo«, tha tima and data of 1ha aaaaion to givan at tha avantt ira aifpiafriad. 

To mafca a xp ia natton i aT r x i m a ritd comp^aham ciaamr, tho valua of a numartc variabto 

to printad in paranthaaaa following tha variabto wh a n avo r it to dtojotoyod Tha valuaa of non- 

. mimerte variabto* ara eaualfy etoar frew tha contact at *to axptoMtion aJtdtta not spactf icaHy 

dtoptayod, untoaa an aaiorflon about tha variabto to l : llh^noyi^ a now 

,oa*or^ic« to moJ(|, tho no^ 

A final toaua to that ovanta ahouM ba ox pto too d in tha paat tanaa. <fc*on ovonta aro 
axplainad, a flag to aot ao that tha gonarator convarta aN vorbt to paat tonao. A aampio 
explanation from chapter 2 to raproducad batow. 
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tdeeerlbe-ovent Uoheok (eeneitivlty (Aw tto thyr«*d-funetion))))3) 

00 YOU ONLY WANT 10 SEE EVENTS FBQrlJHE CURRENT SESSION? (YES OR NO) n 

DURING THE SESSION ON 9/21/76 AT lit It, I CHECKED SENSITIVITY DUE TO 
THYROID-FUNCTION BY EXECUTING THE FOLLOWING SIEPSi 

i. i Mm"te-iM*immmwmm.4mtamk*-- we user responded s*t the 

STATUS OF MYXEOERA IMS PRESENT. 

2. SINCE THE STATUS OF HYXE0EHA UAS PRESENT 1 DID TH* fajLLOUINCi 

2.11 aooeo mmm to m ma&ftim ammmtx cord*tions. the 

PRESENT AND CORRECTABLE CONDITIONS THEN BECAME JWNEfJEjIA. 

2.2 I REH0VE0 RYXEOETO FRQR THE OEGRAOEABLE CONDITIONS. THE 
OEGRAOEABLE CONDI HOW THEH BEtARi' ^ IRPMAUM A, <» HYPOXEMIA, 
CARDIOtfYOPATHIES-Rl, AND POTENTIAL POTASSIUM LOSS DUE TO DIURETICS. 

2.3 I SET THE FACTOR OF REDUCTIO> TO ffYXEOEm 'TO 7. THE FACTOR 

of reduction, ^ jq mme* urn mNww mmimumi. , 

2.4 I , APOEO m^EDEm , TO THE BEASQNB OF RgOMCTION. THE REASONS OF 
3.5 An Explanation of the Event of Check I no f# Sorrtlttvltg 0Ue to Hywd W ii 



3A4 IT— ilNm the Um and SotUna of VariabNm 

Tho Advisor can also explain how variables are set and used in both methods end 
events. This is done by finding the relevant steps or events and using the routines described 
above to explain them. This sort of explanation is partieulerfy useful in determining the 
interdependenties between pfens and events. The function OESCRIBE-USE-IN-EVENT finds etl 
the uses of s variable by examining the fw«tion^e»uetion-ueB RmX* of the variable. The 



9. Funttien*ovetuetion-uee HnN ere described in chapter 4, 
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function-avatuation-usa link lists «N usas of tha v ar la b ia. Tha aws nls that ara toono" ara 1han 
axplainad by tha routJnas to dascriba avants outHnad abovo. The function 0E5CW8E-SET-IN- 
EVEMT Maos ad the piece* wnare » verisbia wa» sakby saaainini the reference Met of tho 
variable, whoro aH,eotefle)n*:e1^:f&e^Mtfe^ 

by tho routinM d iscu ssed above. Tha functtent 0E9CIWE4XiHM-METH0O and DESCRIBE- 
SET-IN-fcCTHOO work in a similar manner. Exa m p l e s of tba use Of tho f ouryftew l iowa m o y ba 
found at tho and of chaptar 2. 

3 . D . H OosnrioinQ Vkffion on Event or Pam io Coeod 

Tha procaduraa DfaCM^-fcCTHX) a^ Pgr 1^ o>»-»|h» stent and 

prc«rem structural that *» t**y Mi *b» user what i ii w ' sei t oji l u b gs tls ape pplo ( b|irfn 

avara oi iaa&odk It is aiaa BOMiblajta#t»i4^' . '■/"< '->*vn ^.^ 

Ma uaar urtshas. to Irony sthan • narttaalar ^sBiis iaMekad> -ha attv-ua* the routine 

canoeV f!lls»*awwiWBnH0B. ws^sfujestiae ilbatejeJfcilioi^pejflBaJiei^^ .soMed teeJiiaY a 

: moctioreeoY'eenHar w- ilia ooo^s^isMisoi^n^fM-aiRSAOMR^'SaafiaorO fo^Moj^Mpr. 

SbnHarty* the user assy find out jrby .ao.ej«a^4jte*>*»epb|di4v i O B il^ 



■ArU^^V; 



?i : jfc- >-^=" , *?V-"- '>'■'. 
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&M SuiMMHi## in AnMfMra MwMvt ;; 

TMs *a«4ton describes eeme other aids to expranatton. Sommer ki a and Alt e rn a t e Models 
vwri de v e lo pe d todoot wWto>rt^»hBrt«ltem^ th»«Mp l> iwMo i v tei<W^ 

SAil SunvwrMM 

Several procedures in the Dtojtatis Advisor are designed to determine tho value of some 
clinical parameter, check some problem, or compute some value. Some examples ere 
[(DETERMINE RENAL-FUNCTION)i [(CHECK SENSITIVITIES)! end [CCOMPUTE BODY-STORES- 
QOAL)} v When the system i« <toacribing ths methods it uses, 1h» names of these procedures 
adequately tummeriie the goeit they o too m p M sh . However, when the eyeteet describes the 
events they create their names are not food sttMSOjfttts ?*■■» to net sufficient to sey H 
comput e d the body stores geej.' because *ho user is toft ws n ds ri ng what the body stores 
goal it. Thus, thereto * SUM MA fTV associated with certsto ptons. Hey GUh l dMcY to a veriobto 
or group of varisbtos that reftett the \»h»« thsfthe plan to ds ri tmi d to dotoi mtoe, or In Mere 
complex cases, the SUMMARY may be a USR procedure wWch determines and *sp»ey« the 
relevant information when executed The OWL verts** flBI»lllllA«80¥«IW»*O0AL>l to e 
SUMMARY of the plan [(COMPUTE BODY-ST0RES-Q0AL)]. When en event is explained, if there 
is e SUMMARY associated with the plan that produced the event then the variables associated 
with that SUMMARY are displayed If the SUMMARY is a LISP procedure rather than e Itot of 
variables, then it is executed In addition, wh e neve r an ASK-USER event is explained, the 
answer given by the user is listed Below, a description of the event [(BEGIN THERAPY)] is 
given. Summaries are listed in italics. 

DURING THE CURRENT SESSION, I BEGAN THERAPY BY EXECUTING THE FOLLOWING 
STEPSi 
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1. I INITIALIZED THE SYSTEM VARIABLES. 

2. I SET THE TYPE OF THE SESSION TO INITIAL. THE TYPE OF THE SESSION UAS 
PREVIOUSLY UNDETERMINED. 

A. I ASKS) 1t*«RTH& HEIGHT OF THE PATIENT. W HE* RtSPOHHO THAT W£ 
WEIGHT OF THE PATIENT WAS 72. 

5. f ASKED THE USER THE SEX OF THE PATIENT. Till (mi RESPONDED THAT THE 

6. 1 .CHECKED THE CAROJAC RHYTW. T«¥ <**»!$ RMYTHM MAS ATRIAL 

7. I DETEPJ1INE0 THE REASON OF DIGITALIZATWN. THE K&MOH OF MIT AUZAT ION 
WAS ARRHYTHHIA. 

8. I ASKED THE USER THE STATUS OF DIGITALIS USE. THE USER RESPONDED THAT 

OIGITAV& WAS HOT GIVEN. . .. ,■..,■■-.*•.•■ .•■,*..•**.• 

9. I SELECTED THE TYPE OF PREPARATION. THE TYPE OF PRESENT PREPARATION MAS 

9KMSM: ' s -' ;;i *'"' ' " ' 

"l«r I OEISWINEO -THE RENAL FyNETIOi. M*<.*Mf A£C§MT RENAL FUHCTX* 
MEASURE SHOVE* THAT THE RENAL FUNCTION MRS M* . 

11. I CHECKED SENSITIVITIES. THE REASONS OF REDUCTION HERE trfXEoM AM 
THE FACTO* OF ALTERATION HAS 9.09. .„.,,..« 

12. I CONPUTED THE BDOY-STORES GOAL. THE DODY~STORES GOAL UAS 0.05. 

13. I DETERMINED THE PHASE OF TREATMENT. T»E PHASE OF TREATMENT MAS 

LOAOBK'STAG*. • ■/■ . • '-*,. .,-.-•-- . - v* - -•'., 

1*. I SET PE.STATUS OR. D^TALIS USE TO PRESENT. THE STATUS OF JDICITALIS 

USE uaTpreviously ABSENT. 



15. I GAVE RftflHHENDXTTttiB. 
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8AS Alternate Modeto 

When writing • computer program, it it OKSstonaNy nscesoary to w method* that oro 
totally foreign to the uurt of the system. This mey b* brought stout 1ft Nogmetlc 
comkterstions, • desire to Improve the system'* pertornpnojfc, or posdbty because the 
method* used by humens ere not suitable for computers end vtee versa. Wnenever this 
situation occurs, it will not be possible to give sxptsnsttons using the ieees of Semonlfc Model 
Programming alone. To sofvb tWs problem, it is Instructive 1e reflect on the technique* uood 
by human teachers in sbftiteFciroumstanpss. 

When a teacher is trying to oxplatn a new concept to hit students, he wNI often try to 
draw an analogy between what the students already knew and tftolhew concept. for oMmpte, 
a teacher trying to explain the fundamental notions 'or electrical potential, current, and 
resistance mey use the temitiar mod** of a water tank with en outlet at ttw bottom The depth 
of water in ttw tank is analogous to tht potenHst, tha .flow of, voter ttoough ths outlet mey bo 
token as current, and the notion of resistsnce is « iisl Ogow to the diameter of tfw OUttet. 

In tha DigiteHs Advisor, a weighted sum is computed to ino^cate wheMwr or not the 
condition of a patient suffering from congestiv* heert failure it improving. It s««m»m\oty that 
many doctors are not souamted with tha idee of using * weighted sum to ovWuete the 
condition of a patient. For that reason, tha routine* that m a n the c on di ti o n of the patient 
are linked with an stternate model Tha alternate modet describes in canned English text whet 
the routine is trying to accomplish. In addition, some of the steps of the routine are linked to 
the text descriptions that describe whst they do. Tha reason for linking specific steps to the 
alternate model is that that way, when events created by the routine wrm described, only 
those parts of the alternate model linked to steps which actually executed wW be displayed. 
A procedure to check weight gam in patients with congestive heart failure is shown below. 
The parts of the alternate model are printed in italics. 
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Utescribv-Mthod Hchack Height-gain)]) 

TO CHECK THE WEIGHT GAIN I USE A mitHTH SUM SCHEHE. THAT IS, THE 

cmmmm of the patient is Kfiicm $r the mm of the measure of 



1.1 IF THE CURRENT VALUE OF THE WEIGHT OF THE PATIENT ^M|T GREATER 
THAN THE IOEAL UEIGHT OF THE PATI1NT AND THE BASELINE WOE OF THE 
HEIGHT OF THE PATIENT IS GREATER THAN THE IOEAL HEIGHT OF THE PATIENT 
THEN I DO THE FOLLOWING SUBSTEPSi r n ;0 < 

1.1.1 I ADO ACTUA L-WEIGHT-LESS-THAN-IOEAL-WEIGHT TO THE 81^ OF 
THERAPEUTIC EFFECT. 

1.1.2 i seethe mmm*F ^THERAPEUTIC WPRCWHENT TO IS* IN 

OTHEH \m*S, I NOTE TUT TUCK MS UE*1 *l ffOflFICANT 
IMPROVEMENT. J 

1.2 OTHERWISE. IF THE PREVIOUS VALUE OF THE HEIGHT OF THE PAIHWT IS 
GREATER THAN THE WEIGHT OF THE MTiarMJIMR^I^tD^VK^IBUWIIIC 
SUBSTEPSi '■&** 

1.2.1 I ATOieGWIfLOSSAGI J%m THERAPEUTIC EFFECT. 

1.2.2 I SET THE MEASURE OF THERAPEUTIC IMPROVEMENT TO G. IN 
OTHEH WOftOS, I NOTE THAT THERE IMS MM * tfASONABtf IMPROVEMENT. 

i.3 oTHEWist, if mimrim>*mWB**m>mmmm'.'im pwhemt^is 

LESS THAN THE WEIGHT OF THE PATIENT THEN I SET THE MEASURE OF 

5 THERAPiuTie i i r w^tN r to >-^» * m^mrn mm^* : Mm ;wi#>iwe 
common of the patient mis become comiMumy morse. 
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&7 Extanaiono for ttorotion 

In this sactlon, wo w& daacrfba- what najht rwad to l#n programs that 

um iteration axtansivaty. As a sampla p r obT a m , wa w* try to Mp ia Fn a sjwpia program that 
datorminas whathar or no* a numbar it prim and rahrm a aiaa*aj». *ba a lg ai tthm appatrs 
in ALGOL bate*:" ••"^> 

PROCEDURE PRIME? (X) 
fiGBIN 
IfffEGER Ji 
J i- 1; 

uittLE u < 8qrtm>> *t> u*j*mmm.m/JM bb- 

IF (J k 9QRT(XU THBi 
RETURMCirS PRIME") 



Rimtnnrs MOT#RinB-Ki 

ENDi 

3.6 * Precadura Being Itarattwn 

TNa sitnpta oftampfc* dPJar* from most <rf th^ io oa i a im d in dm Ogitatis-Advisar. Moat of that 
coda doos not usa itacatjetv. Hswavar, it is daariy aacaavary to ba sbta ta aapta i n itoration. 
Tha OWL I intorprator has no highar laval constructs for aap ra sstn g teopt othar than tha 
simp4a goto-condtttonal construction. Pr o gro *m ara fanaraty find tha 'mora axpHctt constructs 
such as FOR loops and VMLE iaapa usafut. It aaams that R would ha dasi r a b ia to add aoma 
similar statamants to OWL 

Tha addition of soma naw statamants would not only aMha programming aaciar, but 
would bo an aid to producing a npianati o m as waft. Normally, tha OWL I intorprotor r ama mb a r s 
avary computation it makas. In tha axampta abeua* R Is rdthar unttfcoty that it would ovar bo 



10. 1 maha no claim that this to tha bast way to da t a rm t n s if a numb a r la prima, Thisax am pla 
is usad for illustration only. 
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deeirable to remember aN tha computations made during tha WHB* loop. f|* WMQ£ 
ststement could bo a aig no) to tho OWL interpreter that it was to suiamarize the actions tokon 
during tho loop. 

Whon peoplo explain a loop in a program, they often do it in tho foHowing woyt Thoy 

.-.,- -■■■■■ • • ■ - - ^K .!.'- ■' .- 

explain oN tho actions tokon during tha firtt iteration of tho loop, and possibly tho second, 

then thoy do not oxplain tubsoouant itoratiom until tha te rm in a tin g conditions oro reached. 

Usually thia ia a auffJdant explanation, bacauaa tha actions tokon on oach iteration aro ao 

simitar that thoy can bo understood in general by merely e x a m i nin g a low specific case*. Tho 

OWL I intorprotor could adopt a simHar strategy- Whan executing a WHILE atatament, tho 

intorprotor couW savo tho results of tha first couple of iterations and the terminating 

conditions of tha loop. Whan asked to explain tha loop, the system would uae thia summary. 

Using this method, a great deal of storage couM be sewed hi programs that use iteration 

extenaively, yet, dear explanations could stW be given. 



Qwnfer 4e UndgAiMF 

'Wl'WiF^PI. W» v; ■^aPmW^PBB^OWW^gj 

4wl Introduction 

This chapter deals with a different type of explanation, Updating rofort to the procoas 
of changing a pravioualy given answer to a question, and explaining tha offoct of that change 
on the recommendation*. 

Since the digitalis advisor receives information from tha user by asking the user e 
number of multiple choice questions, there are only a limited number of po sa ttde answers. A 
user may sometimes feel that tha correct answer is "m between* two of the those answers. 
Though forced to give one answer, he may wish to Knew how much the answer he chooses 

■■■■■'■...'.'•■- , : . . - ■ :■■ ■ ■■■'■.*-.■ . " ' ■ . »*. „-i »■■'-■'■'-*' V« ■.*■ -ijC- . „*•.'■■&*§* *>-i -' - - ' '■■ , - ,-■,... 

'■-■■'■"■■ "' .-*■:■ :-. :.■-:":* ■' .■;,;■ ■• - .:■;. ■',.-• '":'" - ■ * 1L '" f " r ^ ■■■'"■'. V ; '^X <: -':■'-■ ■'■' ^S". ''W* : - : '4-i ■?*; r > '•■ .-.'■ -■'"■, -'*?* ^■^■■- " 

effects the outcome. Additionally, the user may wish to see the effects of a different answer 
to become better acquainted with tha program. Updating provides a, solution to these 
problems. The user may give one answer during the course of e se ss i on, end then change 
that answer at the end of the session to dstormino how eenatHvo the final recommendations 
are to that answer. 

Ideally, updating would net require any data structures net normally creeled by the 
interpreter during execution. It would not re-execute mt steps not effected by en update. 
Finally, it would perform an update in such a way that it could easily give the user a concise 
explanation of the effects of that update. 

There ere many different ways to do updating. Each of them approximates to some 
degree the ideal outlined above, though none of them achieves it. Tha end of ties chapter will 
detail a number of them with their advantages and disadvantages; however, a brief overview 
of various approaches wiN be given hare. MYCIN uses what might be called the recomputetton 
epproech[12> when a user wishes to change an answer, the system accepts the new anawer 
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from tha uaar, savas all othar anawars that tha uaar has glvan, tha& ra-fe*tU*j»« , ttaa{f and 
starts tha taasion fvor tram ths vary b**inninr Tha *y*tamdoa* not inquira about onytMng 
it haa atraady aakpd tha uaar, tinea it has »tor ad aH praviftM* antywp and »inf# th« questions 
in MYCIN ara goaaraHy asmaaad to ba i n dspa n da n t 11 Ua thay ara in tha Ofl. WfifaJia 
Advisor). TNa approach doaa not roojuira any axtra ato/afa (ojhar than J& atorago for 
anawora to pravioua quattiom), but It tajpa t co mi tfa r i b i s amount ot computation tin* to 
changa an anawar. 

Anothar approach might ba caNad tha "support- approach, Many daductivo systems 
hava uaad thia tachniqua. 1 rafar to it at tha "aupport" approach bacauaa tha Kay idaa i» that 
tha system links tha facta that »>» ao rt s conc lu si o n to teat conciusjgn. Tha asp o rt a t i on ia that 
whan a fact h chahgad, tha syatam wHI, in mast caaas, ba abta to changa ita conduaiona 
accordngty without laco m puting avowthm* t lw iah a saving mmputst l on Ha*. Qno potential 
problom with thia approach la that tha ovarhaad raquirad to do updating baaod on tha 
aupporta may ba so graat that thara is Httia actual saving of computar tima. 

Tha updating macharasm that tha OWL DigitaMa Advisor uaas is aasantially a support 
approach. This techniqua was chosan not only to try to aavoa'ojpgjftatia^^iaia, but mora 
importantly, bacauaa it makat tt aasiar to pro*K» conc^ axplanaiioos ot th» vpdata. Tha 
goal ia to recompute only affactad steps. Ooncisa axptanation la than aasy, bacauaa only tho 
affaaasd atepa ahoukLbooaptetaad to tha uaar. 



11. That is, a changa in tha anawar to ono quastkm cbaa not, hi gonaraV haoty that othor 
ana wor a must bo chanaad 
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4.2 A Sompto Stooion 

TN* toctioft tho*t • tameto aasaton wWi tuHr. ^Tha : ttaJ*l«a§tf fNt MMir caw, 
wMta tha MMhor^ oetplfla to i£*ar cat*. QmmM£# offtH » o »- t i» n aopaar tn Kiflc*. 
This samp£ is i cofrtinuilten of tt» tw»p<» tf^Wte-hm^t flt Wp K i 2. R §#t#w )t»t tltae tha 
tyatoift Hm prototttod etewfc* *a c » »ui « wdatlom *iri»»j ths InffloT iw> a * T1» t»»r want* to 
Vary a fow parioiatart to »oa wft* »*** Bwy howoow tf>» ouH i Wi OHho w i i tan. "■■>■■•• 



EW1R AN OML fOHft TO K ©«W©«ff. 
<>C(hypothaaiza (status hypoxoai a)) 1 

ffto oaor ffNHt*fas W too ayoto* tt*t JM wfsfto* *o a»fts o no* fcypotft a r to 
•boot too status of ftysoxssria. 

YOU STATED THAT T>€ 8IA10S tJP WPW««I A «« l«f «IPKT», IF YOU WiSH W 
CHANCE THAT ANSUER, PLEASE GIVE YOUR NB4 H3T0 MB C KUM. 

UHAT IS THE STATUS OF HYPOXEMIA? 

THE POSSIBILITIES AREi 

1. SUS PECTED 
: 2. NOT lOPLLlOU - 

BITER SINGLE VAL8P'**!**. suopaetsO ■■%. 

Too system rosrfotfs too oaar of his arovfoo* roaooooo, tm4 ssks Him tot • 
Mwoni. Tfto vnr fotfteoto* toot oa aoooo**#Najo>oiOMH*fc f**<o*oo*jr +s 
tfffforofit tftoo toa out fto oovo aorta* too ortffoaT aoasfoo. 



UHAT IS THE LEVEL OF P02? 

ENTER NUMERICAL VALUE -— > 45 

PLEASE TRY TO CORRECT THE HYPOXEMIA AS SOON AS POSSIBLE. 



Too ooor tarftcotoo toot too oat foot Is oxfto oypoaoorfc, sm4 too s4w1sor 
fOfoosto corrsctfoo Mo cootfftfoo. 
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Sfnca tfta cftanaa 1n tfta statu* of hypoxemia ha* ratutUd 1a tf cftaaaa Hi tm 
racommn4*t1ons, tfta a4»1$or print* t*» Mm fmrmmtmr^ -jami apfcas * «9W 
prescription. 

PARAMETERS U9E0 TO HAKE REGGRRBiJATIOWi 

BODY ST0f€ GOAL — > 8.371 MG 
PROJECTED AflttWT ON BOARD -- > 0.000 HG 
BODY STORES 'IfflrT-iS 1 ti371 «6 
REMAINING TIME TO HEACH GOAL — > 48.0 HRS. 
HALF LIFE -«* :•, 4&? HOURS US OAVS 

DAILY LOSS AT EOUILllRIUn -«> 0.117 MG 
ABSORPTION FACTOR — >«.7S 



ftaca!7 that fit Cftaptar 2 tfta 



HOWFRWN0tt s r; ^0Rk" 

NOU 125-1- .962B MG 



REPORT BACK AFTER Tit FJR0T 



•e* staras apt? jm-. t»«0 ■*. 



'.ilt^MB 



S 

16 

24 

32 

40 



.125 MB 


mmj-m 


.0625 16 


,121 NG 


.125 rc 


.0625 MG 


.0625 MG ' . 


/8S20N6 


.0825' ,& RG : ' '■ ' * hi ■- *■* '■ 


.0620 *G 



ORAL HAINT^ANCE SCbCDULEt 

ALTERNATE .25 HG AND .125 MG 

IV MAINTENANCE 80€DULEi 

.125 MG 

UPDATE COMPLETED, 



it* swum mm.r*tmw^'£**m$tH>1my&H1 ■Jf^fWf.^,, 
mad*. Tfta iuar may mm ask tto syste* to a******* *|a a««a*« 



wWrp • 0^|fl"»« 



se 

(^••crifcw-update) 

THE PRINCIPAL RESULTS OP THE UPDATE HERE: 

1. WHILE CHECKING SENSITIVITY DUE TO HVPQXEMA, i fiSKEB I THE [USER THE STATUS 

OF HYPOXEfllA. I HADE A DIFFERENT mi*®**** «DK JEJg**** ***** 

THE CURRENT VALUE OF THE STATUS OF HVPONERtA HAS SUSPECTS) I OIO THE 

FOLLOUINGt 

1.1 I ASKED THE USER THE LEVEL OF P02. THE US& *SPjlWOBB THAT THE 
LEVEL OF P02 WAS 45. 

1.2 SINCE THE LEVEL OF P02 MS) Ml' '&&'■$&; m*W \ «D ** 
FOLLOWINGi 

1.2.1 I SET THE FACTOR OF REDUCTION DUE TO HYPOXIA TO 0.G7. 

(before in*nmi f iimmam*m*aMA ~ 

HYPOXIA AND WXEQB1A. 

AND POTENTIAL POTASSJUN LOSS DUE TO DIURETICS. 

i.2.* t mm mamm to the re acts of reduction, the reasons 

OF REOUCTWJBCAnE HYPOtfTOA JHMW. 

Krai! frm ***** I «*** ttHt..«K *** **«* *•#*«•§•***> 



2. I MADE A DIFFERENT DECISION THAN BEFORE THE HHa ^^ng JHEjffiWftff 

HYPOKEMA WAS -SUSfEG^O A*G/TWMj§*L |m^ ^-ip«RW'^NKT^I»B» 
WAS LESS THAN GS.« I SUGGESTED COSTING Htff 

3. WHILE COMPUTING JjE FACTO Of ALTERATION, j SETTHE ^f TOROF^TEWTION 
DOE TO SENSITlVfTffS TO THf PRODUCT OF THE FAOt*^ ««3e^ WE TO 
AQVANCEO AGE U.88), THE FACTOR OF REDUCTION DUE TO WWC^IfU-JM. 
THE FACTOR OF REOUCTKW DUE TO HYPOKALEMIA (1J» I . THE FACTW IW **g™ 
DUE TO POTENTIAL POTASSIUM LOSS DUE TO DIURETICS *^^l^f*2HUE 
REDUCTION DUE TOWPOXERIA (i.67), THE FACTOR OF RBDjgjON DUE TO JWHEtP^ 
(0.67). AND THE WCfOR OF REDUCTION DUE TO CARDI0BV3PATHY41I (!.« ). THE 



4. I SET THE FACTOR OF ALTERATION TO WE ifWOWBT *aT ? THE FACTjDR Of 
ALTERATION DUE TO SENSITIVITIES (8.46) AND THE QUOTIENT OF THE HEIGHT OF 
THE PATIENT (72) AND 70.00. THE FACTOR OF ALTERATION UAS SET TO 0,46. 
(BEFORE UPflfttflNfc fHE VALUE HAS 0.69*) 

5. WHILE OMffim m IpDY-fpES GQAL, J, «i miOY^T^ GmTO^nC 
PROOUCT OF THE FACTOR OF ALTERATION (0.46) AND THE llASl* fODY-STORES GOH. 
10.80)* THE, BOOV^KW* QOJMIMB.-SET 10 0.37* ? <P^vMPfOT*f. THf VALUE 
UAS 0.SS.) 

6. WHILE GMNG RECOMMENDATIONS, I RTNTtO THE PA«M«IERS. 

7. I MADE THE PRESCRIPTION. 

Now th* ust would Hkn to change tfta vnlim of aaraw jwtaaafif*. 
<>[ (hypo that izo (quanta aaru*-potaaaiua)U 

YOU STATED THAT THE LEVEL OF SERUtl POTASSIUn WAS 4. IF YOU UISH TO CHANGE 
THAT ANSWER, PLEASE GIVE YOUR NEW RESPONSE BELOW. 

WHAT IS THE LEVEL OF SERUtl POTASSIUN? 

ENTER NUMERICAL VALUE —-> 4.2 

UPDATE COMPLETED. 

It ajpaara tfcat nothing mm ch*ng*4 by tfta up4*U, Tfta r»maon 
why ameomt appfat wfti* taa a— r — JU tarn tyiUm to fMria* 

tha uptfata. 

(daacr i bo-updato) 

THE PRINCIPAL RESULTS OF THE UPDATE UEREi 

1. WHILE CHECKING SENSITIVITY DUE TO POTaIsSIUH, I ASKED THE USER WtgVEL 
OF SERUM HHA8SJUJU THE USER RESPONDED THAI THE J»ifEL / ,OF SERUM POTASSIUM 
WAS 4.20. 

2. I MADE THE SAME DECISION AS BEFORE WIWATt. SINCE -THE 1 LEVEL OF SERUM 
POTASSIUM (%.20. ^^ FORMERLY 4) WAS NOT LESS THAjl 3.70, I D|D THE FOLLOWINGt 

2.1 I SET THE FACTOR OF REDUCTION DUE TO HYPOKALEMIA TO 1.00. (THIS 
VALUE UAS m CNANfiEB^Y^HE UPBAfl* ) * 



n 

43 Ait GUMfe* •* ll» It*** «n tflpritf^ 

Tha OWL Digitalis Advisor attempts to wk ri whw too ***** Pf olio* th*« «** 
•*ocutes in performing «n update. It find. thorn porttom of OWL | ON* or*«roctty 

or InoTroctly offoetod fcy tt» update and iw^aoeote* tho* Hon*. Stoco usual* only o low 
•top* «r« affocted, it it r o l st Mty —y tegsfduio tonoiao ii gum o lteni of too attests of tho 
update. This aoction outNnos soma of tho factora tltot Muat IttNloWilollLMigttt todOOlfning 
audi an update m a chan i sm . 

AJ3.I Rmatrlctiono 

Flrat, wo win state somo restrictions. Thaw were Imposed to mako progromadnf eoater 
and the following dmcusstan clearer. 

Tha DigitsK* Advisor consults with tha doctor during several sessions. Tha time 
between sessions can be es long as savarsl days. Tha system doas not allow updates to hove 
effects In sossiens otto* the* the curroot oooaJsWjMavfttoMP^W I** cbeoge *n 
enswerthet was g Ivan during a previotm sewlon end observe too effocte of that change. This 
restriction may be justified on medkal grounds. R seems Nhaty that .doctor would mm a 
spocial sot of methods to daal with the problem of . changed answor to . question in a prior 
otoaion, sinco. tha patient would have already received ;i prescriptten bos* ^^ data given 
boforo tho updato. Tho Updato mechanism dfceussed hste * not daaH^od*to ^InvOlteJopeeiel 
procedure*, and hence tt would not bo on aoproprJote solution to this Pjobtom. 

Another restriction is that OWL procedures in tha Digit*** Adviwr aro not allowod to 
pass arguments. In tha context of tha Dgttato Adrteor, ** to not roasV t restriction sinco 
tho Advmor does not need procoduro. that pass par«aeter*--e)l procoduroa comwunieoto 



71 

through — m o nt i c oWy iwosntngfot t*obol vo ris bt os . It »• IHw*y ths* mow sophtstteoted systems 
wUI need to b»oMe tepees psremetors, hwwiort iiwmi#to rw o ui rs d to res ofve^ho 
Brofalefm af naBskw arflutnMitft. 



4A8 Type* of Tim» 

In mom pfOgrsmMmg ^systems, the vbtae of o vol ume d ep en d s upon >when It Is 
•xwniMd For oxsmpw, if wo exemins • vsrisMs uMdm counter Hrfttoop bstors the toop 
i» oxocuted, ttt vste* mty be u nd its riitms d. WhWo~ths Hlb>tS bs4*g •Mcutod, thi vaH» of tho 
varisMe will depentett r *the- r iiurtber e*<!eiiipietetf#irsti©i*tf T^ <We1tei*ehh> between 

In tho OWL OfgttsMs Advisor, thsro Ire th roe clf firbht hmdfc Of thw which effect vetoes. 
Tho first typo is csNed f4-werM flew It rofors to ths time thet e feet becsmo true or wos 

■■ ■ '■■-■■^■■'> ^&:*~-& \ rife**'" ■^■.--^■.^.■My ~v>S3-' -.^ ^ t^-f "^ «es>^M^t^- K' '*?* , -^ 

obsorvod in tho rosl world. For mstsneo, ths sorum cskkiw lovol of s pertlculer petlent may 
novo boon obssrved to bo ** en September^ l*» [ **1^^ ** : >**M&*y* » 
cee^rfeftort ffmsi It rsferr to the tlms tfisf e-ticTWift *ie*%#'lnto the dots bosii » tt» 
rosuHf oHhor of e user* snswor to • qasstton, or of • esteuuittert. Til tonfmuS th» o x o mpl s, 
tho Otitsfis Hdffsor ifcsylw* bee»*flormed <tf^ «t BiO&pm 

on tho d«y it wst observed. Ths third typs of timo is csWsd ^ O c O d O nr i «i*»-*rd»r. It ftrfers 
to the re la t i on s!^ between ths vetoes of s vxrt sbto w^ftw evsWi the* *•*•* th» vslues. 
mformoNy, tt expresses ths noHon thst corns «frp» imiitbs e*he*etore tthefr* «ey bo 
performed. In ths loop sxsmpfc shove, ihe sete^'teheS*'** NNnytWtfejsv Eoeh of *heeo 
vetoes is correct of some Urns,** OMy one tt^Mto-tt^-tM tone. Precedence ttme- 
ordor strossos ths relstione) qusHty of tims rsthsr thsn ths notion of timo ss tfeaJnfroW* 
ttme*ne. In p io frsto ml rCi fhi re ne ^ ypbmliss too > **t c s » nt t timo- 
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Ismack^bythscSf^mtontiM. UwMm*mm±^<*«m*#**»»»*"» 
event may preceda the s o m p et a iion time ****** ^m urm**** ***"*"* ** *• 
rtvwMd When updating it aNewed, fee value of • variable d b» i«di . oahjb/ on pr**edenee 
tone-order. If wo had s computer that allowed parallel computation, tho pro c od o nc o time- 
ordor would bo isomorphic to tho dspsndsncias bohraon st atem e nt s. Jn • sorts! mschine, tho 
procodonco tlms-ordsr is sehislly s strore^ ordering thin tho dopondoncy ordormi. «nco for 
« oorM machine, ths procodswco tims ordsr is s totot o rd s f lo g » Mto th s so p s n an nry ordering 
itenly s ported ordering. •-, . 

Tho OKA* OffttsUs AdMisor performs up d sm i (which iwsj*t% bm?wf od go of dependencies) 
without r ep a i ring tho y ogrsmmsr to sm>Hcthy in a ka ts tho ooposrfoocm*. Ths systom eon 
dfscovor a procodonco ti m s outer e» tt s x s cutsr which «sn bo used as o ae|dpMnjr ? ,j|bo) 
dopoiHisn6ios» sno» thsrotoro&as a ossis tor upspppeW ,..-,■. ■ 



AJ33 Specs* CMa Struchxee far UpdetJng 

During exoeutton.the OWb. I irrtsrprster crsste* dots shwcterofc wbjeb^sne u*sd by the 
updating msctomism to find wnkh stops thouW bt r s executed , to determine, tho votes of 
vertebte* and so forth, These data are, net nesdwiJtej jieiejij.^ H o 

system designer enttoteates that update* wi* ..not bo i*ao^Mp»y pot * aedteMb that 41m 
:date structures sro recreated. , 

Whenever the votes of ovsriabmmussdJn to isp utin t s v»\us, o>«s<wirtini ths truth of 
a predicate in • condUtonel branch, Of;^aMp#« pottem metoh* tte>#jejet wataattogibe 
variable is Hnked to th* vsrisbk. TW* to* 1« esHsd. » As i ctem Vf*0m. iwo of the yortebte. 
Such Unhs em jpjo* to «td.f« tea events tost night be dtermsd by • change in tho veto*, of 
::foPt wsriejpiot * ., 

When maiomj tipdotep, it js vlto* th«t tos hea r p r a ter b» ste> to sviusts too vastobtoeof 
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son* previously computed step so that aN the veriablet (except! thPtf changed by IN* update) 
will evaluate to tha values thay had whan tha atop waa originaNy executed. TNa faatura ia 
aiao uaad by tha routinaa that daaeriba events. It ia naeaaaary to craata a data structure 
which wNt modoi the pr a co ao nu i t i me wear rotat wnth ipbe to aaw th a vaiuaa c* a variable at 
various Wmea, and th» vetoes of other variable*, ^fhe 0MA. OgiteRs Advisor uses en 
•nvirontmnt li$t to accomplish this, Tha emironjoohMlot to se i m H ar to tha^eaoaiehon Hat Wood 
in eonta Imptopmntatlona of 4W tor variable bw»dWw» except the a n viron ma nt Nat ia never 
^poppedt Aa new assertions ara mada, they ara placed at tha front el tto* envir on m ent Hat. 
Each assertion contains both tha variable and its valua (Hke a dotted pair In USP% To f tod tha 
current value of soma va r iahia , wa m s ra ly go - d a wn tha anv i r awaw nt est -unW we Hud the firat 
esserttort tovoMnf thet veriabto. Tto> value ss i o s iot s * with that Wrst asserfton to the current 
value of the variable. If we wish to find tha valua of a variabto before the execution of some 
event, wa find that point in tha environment I W which conwaponea to the start of tba event, 
and atart our aearch for tha first assertion involvinf the variable from therw. Neto lhat the 
precedence time-order re l ation s h ip s between assertions ara intrinsic to the .structure of the 
environment list iteelf. It is possible to maintain this structure during an update by ednYrej it. 
When a atop ia re-executed, any assertions resuRing from tha original dwecutlon of the atop 
are deleted from the environment Nat, while those resulting from the re-execution are inserted 
in piece of the originals. Tha mechanisms involved in maintaining thia structure an described 
in more detail below. 
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4,4 Upattlnf: tt%# A4fO*tth» 

4.4.1 An 



This section prov^ a d set rlphtw of how Iho u p date* n o uu s n i — worha. Altar 
•dvfcor he* presented its POOtooMhdebot* 4he ass* as* JeJ*ate^ tfe* ayelef* tfcoThe 
w i sh e a to change on m w h> fovo pnwi a yrty . 

For the p«^oee**Wbu*treih*v eeppe»o-^the;»Or*elb> * in th* iwp^ hated *" 
Rtur» 4,1 hib— n changed from &♦> 2; The up#4UlB ■bjiiittm WfftdJt the» pr*i*oi#;ia» 



1. First, the uit^mm^mw*+mm*i<**m**mm*» to * 9 *}**** *" 
update-event wW contain Bate to all the updat e d event*, as weft ae e lb* to the 

vartet^Ob^^Velejejp^ojto^ ?Mo*M*Jle*^«itdWi « 

explanations. 

2. The system finds all the uses of the variable to bochenged by examining tho 



piece* in on upo o ft I taf eo tliet they ar* a* 
(Figure *2>. "- ^ ' - >*v«> ■ w« 

•■ "b-**-2r ■ '-: ^ox** 

if o < 1 then 11 b »• U 

b t- It .•■•"• 
c t- 5i 

d tfa't'**!* 



4.1 Tho Progroe *.2 Tho Updete Ll»t 

3. The system find, that point in the environ****** which v o i r e sponds to the 
start of tho original execution of tho firtt event on the upd at e H it When finding 
values, the system will ttori e xam i n i ng the m w l ionwont H a t from ttwo point eo 
that the corresponding sfep w« be ro-oMCotad b» the original e ndowment o> 



12. For clarity, this program is Hated in pedafOfk ALGOL rather than OWL L 

13. Assume that the variable • does net have a veto, before tt* atop m executod, eo thet the 
interpreter wtH aah the uaer the vokia uaim the m oc hsn i sm des cribed bt Chapter 3. 



n 



modKte* by prior upMH^ Pgi*% 43* m fW ItesOiNBfcpiW^^IIMWtWl 
goat down tht ■mMrort«ar*lti*ram-ttthaad «n»ltt«om»t^ tht *JrtitJ»»iton 
that pracadat tha avant baing updated in procedural tima-ordar. 

b - 2 < — anviro n ba n t Hat pointar 
■ - 8 
c - 5 
d - 18 

4.3 Tha Environawnt Uat .•',-,•> 



4. At tha ayitem ra-oxacutat tht ttap, it pttcat any ataartiont mada by tha ttap 
on a temporary *t wi r wm tnt-ii$t. To find tha valut of • wiabte^&p* tyttem 
oxtminoa tha tomporoiy-onvlronmanMItt bafora looking at tho onvkolwiont-liat 
(Figuro 4.4* Tha tyttam alto placat an update link botwoaa tha ovarii craatad 
by th» f a jH * aKawtio»«f iht atap andtiha , t» i n> jma ti lj ry fai »*tc u t tat tha 
atop. By chaeking for thit link, it it aaty to taN whaihar or not an ovont hat 



b - 2 <— anvironoont I lot polntar • - 2 

a - 8 b - 1 

c ■ 5 
d - 18 

Envirorwont LI at 4 a«wr»ny fenfferof*pf»t Li at 

4.4 Tha Environoant Litt and Taopororu Bmfc mmmt : Ul»* 



5. Attar tha ttap ha* boon ra-axacutad, tha ayttomsdtfOrMlm^Nch variablot 
wart changod by tha update of that ttap. Thara ara tavoral wayt that t variablo 
may bo- ghwP •* nail ?<m*. A twr i ii a HlB t 1 way : »* »•» during tha r»- 
axacutkm of t ttap tfttt it dHf t r tnt f#6» \M &*&»£&,&&?**• during tha 
orl t lnti an a tutien of tha ttep, or tht ft-^acqHbHrOf M aH» may not maka an 

; ; ataortloW about « vtrkat* thatwmwnted durmg'tfct MJ^Btfiiacution of tha 
ttap. If tha vakia of t variaWa it afWatambf mmtmm dE' B8f •*•«*• which 
utad that var itbm tt* *^ ncft btan uM«* d an»*wo a groater pracadanca 
tima-ordar than*» ttep Jurt a««Hited tr*imoriii*iiiteith*,ii>d«tt-l«t. M an 
avant baing margad in it tupartor to an avant alraady on Mfa«a&tfw tubovont it 
ramovad (Rgura 43). 

6. Tha attartiont on tha tamportry-anvironmant-Htt ara margad into tha 
anvironmawHtit <Figur» dioV Tht t iw i r oamt aH l it m* 1mm*um> ■*& W — J* * 
litt ara kapt tapartte until thit ttap to facilitate tht compariaont in ttap S. 

14. On tha first iteration of tha algorithm, tht firtt avant in tha litt wBI ba aithar a ttap which 
wiN droctty atk tht usar for tha naw valua of tha variabj^or aco^ 

wiM eauaoltp oyfttem «***»#** Ml uaar frnft^w^n^k^m/HM^minll^S^V^^^ 
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7. Tho *nWo proeoa* la*opafatod|*tertint •»%** tkM************ 

M. -1»*> pm*m m» v*mn nmrn *•** mn ** * ** o tHte> u pda te" Wat . 

d i- c « bi b • 2 

b - 1 > . 

c - 5 < — polntof*** 
d - 18 

4.5 Tho Nou Updoto Ltat 4JMfcrfl»i-«Hr«nirt»t List 



4.4 .3 Tho Ptagmm 

In thia action, • LI8P i m m w wwtit l o wof t»» t oo l onol u pi teM io j iwlMg te iHnhv Thoao 
function* whteh daoond hoovMy on OWL data bm funcnom oro no* aiio»*#o»**r«doHribad 
»n EngHah botow. 

(OEFUN UPDATE (VAMABLE-TO-BE-CHANGED) 

(PROG (CHANGES-VARIABLES EVENT-ttltKHJPOATED) 
(8Efa**§A*>C1«*PlHL) 
(CREATE-UPDATE-EVENT) ^^.^^ » 

A ( INSERT-EVSNfS *B«RitC4TOTIBN^AU*?l«MaE fiailGED-VARl ABLES) ) 
(COM) ((MULL oUPDAH-LItTo) 

(SETQ o0IVtf»i«fT-LlST-PSJirTeRo NIL) 
ffi&TOPW 'SOWH 

(SEW EVBtT^EINB^PMTSa <CHR oOBAli~Ll€T*l ) 
(8Effc;o*PQ«S4.4fil* (GO* tfft^^tfojgk:-.' * _^ % 
(«T4^UWtWt^»T^WII1W OnTNI iB WC UF 9 A T E M 

... mm vmm.mmmm ^ *• -*v* .-..:■_ *j»j.«vji •.. 

(GOAHD) 



•UPDATO-LIST* ft • «**•» Hat tnut 4* tna Hatof o«aw«MhaT«aoo>te*t o a dal ad . 



18. Pftor to tno ro*o*o«ilte*ol4ho*tep attoetatod wttti too naotowont onftte) update Hat 
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♦ENVIRONMENT-LIST-POINTER* It a global pointer Into tho anvironmont Ha*, ft W k nor miH, 
tho evaluation routinot um It In dt to rww n lng whm to start looking for vahjot. If it it nun, tho 
•valuation routing start from tho hood of tha onvirorpiont Mat. 



CREATE-iPOATE-EVENT it a function that croatot an update ovont AH ovontt ro-exocutod 
during tha updato wffl ba tinted to tha update ovont. Thato Hnte ar» utod to o xpto t n ttte 
update. 

EXAWr«-FlJNCTK)rf€VAUIATIOrWJSE it a function that accoptt a Mat of variable* aa input. It 
roturna a Wtt of ovente whteh aro tho ovontt that utod tha vartabtet in tho input Hot. Thoao 
ovontt orrttui»iW*§»*^^ HP*®* tt*retero«fce Httt of 

tho variable*. 

INSERT-EVENTS It a functbn that nmi#--1fo'W*mim* : 'ti&m''1» bo updated lid* tho 
♦UPOATE-LIST*, Tho ovontt aro werged Jn procedure) tbae-order to that tho ordor of the 
aUP»TE*tW* i« ah^t'^iaintaliwt Botoia WWWmm <&*&*&&&& mm**** tho 
♦UPOATE-USTa a tow cheek* aro perforiaeaV If an ovont to bo inaortod precede* tho teat 
ttap updated in pcb*ldBWt*»«rd^ 

not inaortod in tha updato Hat In addition, if tha ovont la a eubevent of an ovont already on 
tho aUPOATE-UST* ft I* nOt i&m &GMH^V lHMn** to't j* ^ . ifcd *«aj»clOF t**ri 
ovpnt atroady on tho aUPOATE-UST* tho tubavent i* rem o v e d and reptoced by Ke euperior. 

$€T-EI4vlR0M«eiT4J$TJP0nfrER k o function which aa%ttti»it PP^nOli d PIT AISf»oT0|li^ila 
to tho firat aaaortktn on tha onviromaont Hat which procodot tho ttop boing updated in 
procaduralWmiordar <-'■■■■ -■■'•' *?.< «, - >wi. -,» vw«m^ ' •• -.■•:•■>* ..»■;• 



FIND-CAa-FOR-EVENT find* tha caN attociatod with an ovont. 

RE-EXECUTE-STEP cautot tho OWL intorprator to re-execute a particular ttop. 

COfcJ>««-€rlvTR0r«WriF-U8TS map* down *«* toi ofera t^ oi#lr ow w ow l i H ot end tho 
anvh-onmattt-lkt "to datenrfr* widen vkwmm»&**fym *#*$**& r**bx*cu«©r* of tho 
atop. ' ■■ Yfc " % * "''■ & <*« c '■ 

MERGE-ENV1RONMENT-USTS apHcot tha a nvlro aman t w t t and temporary O M v tro n wm n t Hat 
togothor. Tho temporary anvbonmnt-Het it ro-aot to nH. 
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45 Tht» Nttty-GrMy 

This section describes In torn dateH hew some of the things described In the precetfng 
section are actually (implemented Tha casual reader may stop His section without low of 

continuity. .« 



4.5.1 P rten ran l n Q PtmwJwm Tbiw-Cirdr 

In the section above* it *** stated that .even* ate^qpsjajV Wo «» update-Uei in 
ascending precedence time-order. A predicate l» needed that can determine the precedence 
time-order of event*. Cnmoutstwn tisw siam cannot bo used, and thera k» neeapflrifclinba 
in ih» Interpreter that kmum the pro s a ds n sa te«<M>| of b*o .events. However* if the 
eubevent structure. asepejoted with evenU araeitamioedji ««i*P»o&» •«* *"•* coinputotlen 
HMO* il is poasibla to dateimine tot presedaose Ume-»*mring of tbeavanU. 

Tho algorithm for determining piecedenee ttme<«rder during updates makes a few 
••sumption*. Ahum that netther «Ml i 4M»iN«oji«iM^ lr*tther event he* already boon 
updated, it is not necessary to Insort it in tht update Ust Further assume thai rmi*hes event 
is • subevent of ths other. If it were, only the superior event needs to be pieced on the 
update list. The algorithm works in tha following way* 

1. To begin with, the depth in tha tubevent structure is determined for each of 
the two events being compared If one event is deeper than the other, the 

. sytam gaee vo the sueewant Mructora torn tne ja s por f^ *^ * ^ *» ■ ' 
, event at #* tern. ia*e» s. tha tlwHc^ e*ant. %a» m Mfjp»<e«jf*ft that 
will be compared. CeH them A and a 

2. If either A or B has an update link on its reference Ust, it is replaced by the 
to rr eippn di ng oritwai svent, found by M l» > i wg i sidet a tii^beekward. 

3. Naxt, the events immedietely superior to A and B are compared If they ere 
the seme (I*, if A and B are both iiamediete aubavents of the seme event), the 
computation times of the events ere compered. T*e one with the earlier 
computation is the eerNer event in pr e cedence ti me ord e r . 
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4. If the eventa immediately aupertor to A and B are dlf torat, j |^ a% or Ithm aott 
A and B to their Immediate auperiora and loop* back to atop £' ' " 

Thie algorithm work* by going wp Jtfca *ga#v^ »tr uctura f rom aachjtf the two eventa being 

compared untU it IJnda two evanU that *• JtrwrndUfc sub*v*»ta ( oJ Jbe a •«• avent. After the 

original evenU ara fo^^ a comparison may l?e ma*>on the bae^oicjggpuiatjon time, ainco 

all tho offocta of updatos havo boon removed*, Earttar wo ppjpto|^Jthe^f. no lining, ha* 

occurred^ tha compuUtion Um« may b# umkJ a* « modaHor pra w de ofa t^^oro^, ., By going 

bach to tho original *vont», tha updates J^^l^^ : ^f^0^^f9 f ^ «*• .tWr 

coinputatkm tlma* to (Jatorinina tha pracaoonca UB»,o/d»/. 

4A8 Ecitinfl Environment Usta 

In performing an update, It la necessary to bo able, to aj|j* f f*w^oj$artions Into tho 
environment JiaJ, Although tha achjal apHclog i» aaay anoufh, tha p^poaa of fjndjjng the polnta 
whoro tho apnea should start 17 and atop i« a little mora Involved. If the event baing updated 
la juat an eaaertton, W* eeey to find tb*.atart and atop pojoia; tho^iMortlon la found in tho 
environment Hst and removed. On tha othor hand, tha atop boing updated may oontatoaovorol 
esserttons, conditional expressions, and ao forth To find whom tha apNco ahoukJ atart, tho 
ayatom finda tho lost aaaortion mada boforo tho atart of tho event boing updated. Tho loat 
aaaortion i« found by examining tha subeventa of tha event* imm e d ia t ely procoding tho ovont 
boing updated. Finding tho atop point of tha apHce ia oaaior: it ia Juat tho loat aaaortion made 
by tho ovont boing updated If no aaaortiona wore made, then tho atopping point is juat tho 
aamo a* tho atarting point ainco no aaaortiona need to be removed from the onvironmont Met. 



16. Tracing over update Unto doea not affect the depth. 



17. The atarting point of tha apHce ia afeo the point (referred to in atop 3 of the algorithm, 
page 74) at which the functiona that evaluate variable* atart looking at the onvironmont Mat. 
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4.8^ A Prtxrf of Cern»tnee* 

In thlt eectiow, we wlA prove thet tht uptMtng tfcornh* «W*WWd obove produce 
correct retulti. Our proof wHl *• by «*■*'** W*e*»*1r **toS« eWmhVW* 
truo bef or. the re-oketufldhbf eOmeOWk I prigH* m**mA****~™*»«* 
remoin truo offer thl ctophoi been re*e»e*itod 

Suppose thif i verleSli^whkh ortginety hetftnO vimm *li»%0i« «*og»4i to y. WO 
witl .Num. that tht TbHoWin, eleteMiht* ore trot rf thv end Of ** 3 «pip-?^oflor 0«y 
number of iterations of tho updating efcerlthttt 

1. Tha next event E which must ba re-executed is ot theJe^tf Jje update tot. 

2. Tha pointer into the environment Hst hat been oet to thet * variable. "•>"*• 
to the values they would hove hod it thlt point in ilm p»em if the value of the 
vsrlaWa*hade>tfr*Oybaeny. '" y> '"*'* "' 



3. A# event, p i et i J l ai r in precedenca t ie* OJtto r *** * # + fe«e*i«ute*to 
obtain correct ra»utt« hove ofeeady bean i 



isSt3 6.1* 



4 The uodete list contains, in precedence time-order, eX these events thet ere 
^^^^^^^^^ie^^aiM^Mi #tn»yHQ *» 

cotdates ON events wtfch involve verieMet thet bo^ebeedy boon ehonoed by 

tt» update. * '-- 6 " ••" •*'' '^ ''- "" "- ■ t, * vv "" f ' " 



SI 



Basis: 

First, n»o need a basis lor our induction. Sopposo feat steps % 2* and 3 of the update 

eteorithm he*e each boon executed exactly once. Lsmme S teel e d) states teat £ wW bo on 

tha function-avalustion-use links of tha vsriabla A being changad bytee update Than, by tha 

action of stap 2 of the algorithm, assumption 1 must bs trua. Tha action of stop 3 assuras 

that assumption 2 holds. Sines tha first event to be re-executed must depend on A there can 

be no events prior to E in procedural time-order wJdat^JHiat^b%;ao e x e cute * Thus, 

assumption 3 » true. Sew i» sfyente Im^te^ 

on A are known to need updating, thus assumption 4 is correct 

Induction: ■ 

- Now-' that wo have »bj«i*^^s»is#!eaJhat#»- iw^ P4.--.ltej 

algorithm* V^ ne^ to show that thsy wMi bs true a«er *^ 4ts*#t»on». :<*■. 

Claim It ■■■(■:■■:') » ■-.- 

The re-oxecutton of f wHI produce exactly the same results as it would have if A 
were originally sot to y. ■.•«.-■■: '>.sv' 

There are only two ways this claim may be fates. 

1. If variables used during the re-executten of E but set before E evaluate 
incorrectly then the claim is fatee. However, assumption 2 contradicts this, 
ststemont. 

2. If variables sst within E eveluste incorrectly during the execution of E. This 
cannot happen because tte^ upash^ a^ritbw i a » i s tampo^ar y ap y konm s n Htet 
which contains aN those assertions made during the re-execution of E. When 

- evaluate*;. variable* during tee ra-tKSOtitien, eteVte* »ystej«; examines the . 
temporary-environment-list before examining the environment Hst M . 



ia See the description of the algorithm above for a more complete explanation of the 
temporary-onvironment-iist. 
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After re-execution, and the remove! of £ from the update list, the assertions on the 
temewery-enviroomefiMW ere c o m pe r ed JsHh these ^JWkipwtWwA'INi o e n dt o n mo irt lie* 
corresponding te the er^i fi ei o wutt e n of £ to d s t o mln s wJakir verlo bJS i ch a nge d , AvermWe 
imey change hi three weym 

1. It may be assigned a different value then it originally received. 

2. It may be set during the re-execution of the event, although it wee not eet 
during me a* iginei eeesuewii. 

3.ItmeynoMtfset*»ingtb^ 

In oil cases, the events making uea of variable* whose value* heve changed are inserted in 
precedence time-order into the update list. These events are found by exemfetag *he 
fwetion^evehie«onHlie f^^ *ekmi) ehwee 

that aH events which must be ueeeted a* the rseurtof a4alft%»l*tfe«rieW*o# Im*(^^ 
the function-eveHiation-use list of that verieble. An event is not inserted if: 

1. The event is before £ in precedence time-order. (Not necessary by assumption 
3> 

2. The event has ekeedy been updated 

If an event being merged In is superior to an event already on the Hst, ths subevent is 

removed. 

Since assumption 4 w*» true before £ ws* re-executed end aN events associated with 
variables changed by £w*re added*e thsupdets list, eo*ump«o» 4 iwsiems valid. Assumption 
1 else remains valid since assumption 4 is two,** e*^ s1tmaie*4e^ 
chsnged by £ were inserted in precedence time-order. Assumption 3 is veUd since if there 
were any events between £ end F (the event at ths heed of the update fist after the re- 



execution of E) which required update* that* events would have been inserted into the 
update list. 

AH that remain*, then* it to *how that eimimpttnn 2 r a w w iaj valid Recall from the 
•action on editing; enviHHiment lists that tha environment M pointer is set to tna first 
assertion in tha anvironmant Hst that it earlier in precedence, time-order than E\ If 
assumption 2 want no longer valid, tha vetoes that InvaWets it must appoar on tha 
anvironmant list between tha points corresponding to tha starts of E and P. However, sines 
all valuas assartad by E ara splicad in and ths old vahias ara spNcad out, and sinea no avants 
batwaan tha and of E and tha start of F ere affected, assumption 2 must still hold. 

Claim 2: 

It tha-tm program baing updatad terminates undar aH conditions, than tha 
updata also terminates. That it, tha update mec hanism wiN not introduca any 
andlass loops into a program that always tarminatas. 

This claim is trua, sines staps corresponding to avants from tha updata list ara axacutad in 
ascancHng procadural tima-ordar, and thara ara only a fihita number of staps that may bo 
updatad. 

Furthermore, at termination, by assumption 3, tha results are correct. By assumption 2, 
evaluation of any variabla wW give the correct valua. Finally, by claim 1, tha actions taken by 
tha updata are the same as would have bean taken If A had been set to y. 



Lemma A: 



Whenever an event • must be re-executed due to a change in the value of a 
variable, either • or an event superior to a will found on ths hmctton-avsiustion- 
use links Of that variabla. 
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Whanavor • atop mm-+*mkM*4mm*m>m*+m**iw u oa pirtayoM i; » a pia d i c a ta , *** 
•tap it linked to tha variaWa by tha tunctton-avaluation-uaa Hnk. Suppoaa that that* to**** 
■tap wHch matt ba>r a ■ w p wM aW1*a«*»|a^lb*oakii of **arfaW»*han o«t*»rt 



1. Tha ttap w»t watuta* M»Wtm«ilta7<* that HHiaj*M*oii tha function* 
avaluation~u»a link. 

2. Tha stap was not axecutad bafora. Then it can ©nty bo axacutad if ■ suporior 
praaHata a » * a» h n *mtmmfW m i o rt g na^t H iat i iap Hr that aoaw Sparta* 
avont whaaa plan contains tha pradteata w« ba on tha IwcHen^valuaHon-uao 



'Air ''?S 



In comparing the various methods of updating it ie difficult to analyze thorn 
quantitatively, tinea thair performance i« vary dependent en the state of tha knowledge baao 
and tha interdependencies among ttapa of tha OWL coda. However, it it possible to atato 
certain gonaral charactarittics of aach approach and indicate which onas would bo most suited 
to various typos of applications. 

In tha introduction to this chapter, two broad typos of updating wore listed— the 
recomputation method and tha "support" approach. Each approach has a number of 
interesting variations. 

The most primitive way to do recomputation is given in tha introduction: to change the 
value of a variable, the system starts over from the very beginning and recompute* 
everything. Since this method throws away all tha retultt of tha session (except possibly the 
user's answers to questions), it has tha advantage that no data structures need to be kept 
around to indfcate intermediate states of tha program. Thus, whan the interpreter is running 
normally, there is no additional cost associated with having an update capability. A significant 
disadvantage of this approach is that it is very dHficuR to write an explanation routine to 
describe the changes resulting from tha change of •variable value, since the results prior to 
the update are thrown away before the update begins. Another dwedvantage is that the 
entire session must be recomputed, which means that many statements which are unaffected 
by the change in the value of the variable will be nonetheless ra-exacutad this approach to 
recomputation, than, is most appropriate when updates are done infrequently, when the 
purpose of the update is primarily to correct an answer rather than understand the behavior 
of tha program if a parameter is varied, or whan there is Mttw storage available to record the 
extre dete structures required by other methods. 



;■ r^Sss^^^?-^^ 



Thara is atee • mac primitlvnSniajiopUh^Siia^^ 
storage t© racord tha atata of tha ayatam at varmua polnta (mowing down tho bdorprotor 
ttlghtty to racord tham) we can apart up tha updating areceaa by re^reettng the atate of the 
ayatom at aome point prior to tha change in the variabm and lotting tha interpreter ro- 

■. ■,.: . ...■:;,Kfv; --■ ' • < ft .-*■'., ; •.■•, v »■;■>!* §**-*" «-« A Hf Hr>«K"' **' 

•xecute from that paint. TNa a pp ro a ch apaoda up the updetan prooaaa at tha coat of 
decreaaed normal attention apaod and inereaaad atoraae corta. Haw ofton we record tho 
atato of tha ayatom wW oVOctty d ate r aan a both tha ipi ad up tt> may oapact in u pda ttraj and 
tho inereaaed coat in storage and normal riirmmgtima. 

Tho othor approach ia tha "aupport* amthad tntbJe matte* dapendencJea between 
varioua part, of a ayatam aro uaad to datarmma what muat bo 1 co m puted when a char** 
occur*. Tho d ap a nd a nrl a t may be anpHcffly i iaiii l lOUad by tha ayatam daatgnor, or thoy may 

,fi . « . h i " ' |- * **' * t ?" * s*"\»f ' J *«* ':-\«fc artf «. ;. *-. ' *.' 

bo automaticaRy tanaratod by tha ayatom Kaatt. BaayJ {lfj has recently produced a ayatam 

for tho doabjn of procuromant ayatoma which u iaa h a n d to daa da p i w a i r ul ii Tho advantage* 

..> «* - <* "* -• • *' ht, -.••?r, «■* l*< i *^>>-.»<v-* ar»l **4 ft 4^^^" Sfl • ■ frf a"^"**"* <.''^-' 
of thia approach aro that tho ayatom a x a it aja dl mpaaa J maottibJ*, and tho u p dating atratogy 

itaoH ia rotativoly ammto. Tha aTaaa V a nt apa h that paym am haj tho ayatom ia mora 
eumboraomo with a grootor ehanco for orror. 

In tha ramalndar of thm aactian, ma m« comparo tha prOeodura uaad in tha OWL 
OigitaUa AoViaor with tha approach uaad in IL, o ayatam uabpj automatiealry gonoratod 
dopondondoa roconMy d aacri ba d by SiaNmon and Summon [15} Thia ayatom uaoa a aot of 
ruloa to analyao * ctrcoto. It mahaa aa mamy coneluaiona about tha circuit aa it can, and than, 
If tha circuit ia not c o m pla t a t y aetvad, H aammma vatua. for tha r e mai n i n g unknown 



paramotora in tha dreuit. » aaaumad valuaa mad hr eontr aaVtioro, thay aro ehangad, and tha 



anaJyaia continue EL, tito tha ObjrtaHa Advhor, ■tti iap h to atttd rooompuMng unofloctod 
doductiona whon a changa occur*, a Rnka i ii n l u i l a n i ta tho aaaadtom that woro uaad to 



daduco tham. AN d aduct io n a aro baaad on i nform ati on ghmn by tho uaar, aaa u mp t wna , or 
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otter deduction* Ail information given by IN user Is linked to p special node celled GIVEN 
When the uwr wlthH to change an assertion ..ho Jornada, the system breaks the linK 
between the old assertion and the GIVEN nods. Then tht ty»tfmjr«cet oyer ell links, storting 
from tha GIVEN node, marking tha assertions that ara still vaHd 1 *- Those assertions that ere 
not marked ara ramovad from tha data bass. Those facts that remain ara guaranteed to bo 
valid. The facta that have been removed ara caved in a special area. Those facts that are 
considered valid ara said to bo in, white those that have been removed are said to be out. 

In comparing SteHmen and Suesman's approach to tha approach used in the OWL 
Digitalis Advisor, it should be pointed out that EL i* a r u t o based system, while the Digitalis 
Advisor is a procedural system. This difference in bask system design is reflected in the 
updating strategies each system uses. There are, however, some interesting comparisons to 
be made between the two. 

After tha fact garbage coHeetor has been row, BL Is'free to use*a ¥eHd aaeerth* in 
making new concisions, In depe n d en t of tha ordePW whteh the ©rtfinel eOmputsttom ware 
mode. It is not possible to do this in tha OWL Ogitatm Advisor - end H le possible to imagine 
a f*w situations (described below) m which soniTetotemenW which were not affected by a 
Change would be unnecessarily recomputed 2 *. However, tha reason EL een usa aaeertions 
independently of tha order in which they were compute w that « «**»• *** sssumptten that 
the order of computation does not matter. Although this assumption may be valid for rule- 
based systems operating in the world of circuits that EL anelyies, it is not always valid in a 
procedural system. For example, tha valua of tha body stores goal in the Digitalis Advisor is 
very much dependant on its relationship to the order of computation of other steps. The OWL 
Digitalis Advisor can modal these relationships through use of the environment list. 



19. This phase is very similar in concept to tha mark phase used by the LISP garbage 
collector. For that reason, Steltmen and Sussmsn refer to this routine as the fact garbage 
collector. 

20. No aueh situations have, to my knowledge, ever come up in the OigiteHs Advisor. 



It wm noted abova thtft attuattom couW to tmaftnad whara tha opdattni ***** "mild 

in tha dlgrt^iMiM'vMflMfiHyWbyb il^-'Wliidlw-Mtty^i^lWlii*!.' A^low 
.kmvIh wM flluatrate how ^'pwdUMM'^'i^r-lMi^^M^ • |tti»bn Of •« OWL 

MOttlOd IMM MS rOWOWtflO, ! 



A\ 

/ \ 

/ \ 

/ V 

•taplA itaplB 



CXJfWrt X CONFUTE X 



That is, tha program mafcai a dacWon at point Y, and a a a aid a a top ,a|eos. Jhaf i jt «"»»«*•» 
tha valua of tha variable )t tat <*«!Wm4MUfeAg^^ •"P*** «■» 

•iaiaaiofli* aa-tfca la&Ar ana* war«of|tirfaaV bid; jtljo) ^0j**i^f^ < i^^^§.yM!^^ r ^j^^ 
aHaeta tha dacii i o * at Y eo tbot iww dwh* tt* *ajdata, tha tU ap n a nt rpn tha rja£t b^h 
ara to ba axactftad. Lat u» fuMhar iM fy oa a that tty M+qS& W B MHI by COtaWTE X ia 
not aHaetad by tha tanasja. h»ltii» caa%eOMPMJi X id| ay p ^fi W PliWl # ^ tgP l ^^>^jft>^j!i^l' p 
«t tha rtiht branch), awao thwajhtbs raautU it fbjaa aw i«at*ae*ad4V ft ^^ : .!f^ 
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| Y 
/ \ 

/ V 
/ \ 

•tsplA ataplB 

IMPUTE X 

\ / 

V / 

\ / 

A /... 

I 

OTPUTE X 



Again suppose that tha first tima this section was executed tha toft branch .was taken, and that 

■ i 

new a variable has baan changed |» that during the wjidetoJto r4ghU*r#nch «##• axacutad 
Also suppose that 4b* f unction I^MPUTI X to unaffected by ths cbwisad vsrisbto. As *"• 
eyatem executes tha right branch, tha value ej X eajiyuJinVMta^fi^Pic^ **»• 
unavaHaMa to it, stoca it was computed later to ptacedepce ttma-ardsr during tha Paginal 
execution a* thto fragment, so 4hatj<^MPyflXwHt hawa-to^ uim eaap ss rity re-executed. 

What should ba ctonosobput this? WouW it ba § good Jdo# to have soma sort of 
mechaniem analogous to tha fact fanbaga eojtoctor of EHb* *«*W go through the *oo> of 
tha program and math aK values that might have change* I faalthe answer to Vobabty not". 
First, tha situations described eb^ve ere ratotjvaly rare. Thejf have navf* occurred in tha 
Digitalis Advisor" Second, tbt updsttog nw*faani*m would have to be iao^a compltoatad, *o 
that tha hopad for gains in speed might not matariaHia. It is probably battar to allow a small 
amount of "unnacassary" recOmpufatton to take piaca than go to greet tongths to aliminata it. 



21, In fact*** b trua that COMPUTE X stw«y« computes tha eeme value rogardlfsa of ths 
psth takaa« than thssa ara Just SMmato* of poor proexfa«mi«M«ctke. ^ both case* tha call 
to COMPUTE X could ba execute^ before ths dectoto* oekd ¥p eflmineting tha extra catt. If 
that woro dona, no nmnecessary" racomputatton would result. 
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4.7 Currant Perferiwonce and Poootblo tfiproyonionU 

Although no foriMl analysis of tht updoing algorithm hes boon attempted, it is possible 
to describe qualitatively some of tht ptrformanco characteristics. In programs which have 
many intordc p ondo n cics between steps, the blgNaMa Advisor's updating scheme is often 
slower than the recomputatten approach. Tha slowness is due to tha fact that when a variable 
changes in a highly interconnected program many steps must be re-executed. The process of 
inserting events in the update list, finding spMce /!«**, and so forth adds a considerable 
overhead to the interpreter. Even though fewer steps are re-executed, tha fact that each one 
takes longer results in slower computations. Fortunstety, tha Ogttetts Advisor is relatively 

*P«TMiy Html CUfwlPCiWw. 

Another potential problem with tha updating scheme Involves the envwonment Net. 
There is a danger that as programs become morb com pl e x, the process of eveiuettog a 
verfabw wUt tahe an Inteterewy tong time at tha envfrsfeesnt flat becomes lengthy*. To 
improve perform an ce, tha Interpreter could use *b# Uret poslMtn of the referent* Kit of e 
variable as a value eeff for 1hat veriebhft current vttuolaoiit -how dose when hot running in 
"updatable* mode). During normal execution of tha interpreter, the value con would bo 
examined toovatuate the variable, although tha er n W miea hl list would otWbfr maintained to 
•How updating. During oti update, the envi r o nm e nt Mot would bo used for oveteethjn purposes, 
but the value celts of changed variables would be altered to tefleet thilrriaw valuer TWa 
approach Improves the speed of evehishon without o f Kw t alng Ihe adventogos ' of en 
environment list. 



22. Thhr problem Is stmNef to the one that Occurs ktWfr I n terpr e ters which do not 
shsHow-bmdlng. In the eurrent IMgttaNs AdMser, the cost Of Otmg the o rt M W O n mc nr Hot 
exclusively Is only sbout #2t intr sss S the»s<uWw hme, ' ■ ' 



4w8 ExplaMng Upcfatw '' ■ 

Sine* tha updata proeMS ra-axacutas only significant atapa, tt is quit* aasy to provMo 
tha uaar with a concisa explanation of tha update. An update-event la Unkad to all tha atopa 
re-executed durinf tha updata, *o that finding tha i*le « ajl t *y e »i»> a*ay, 

Tha ayttam can uaa tha routines for explaining avonta daacribad in Ghaptar 3 with just 
a. few changes to tefce •ccount of tha s*e*i*> natura .ff ua riifrr l>» *ha>^ is that ascertain 
dacMon point*, the lystem com pe res tha earisjon iptda «Wki« t^ha Updata with tha decision 
made bof or a tha tipe»tpjg;eseV- Wp? pa '. Ihi tptt^ fls#pa>: dajRiiiipP'iOipP^i!^ o^ 1 wajgi^waj : seme^ in 
addition, W thesa deci*^ kwotvs vsriaMes with nuMariwivakja^ib^valuwof tha vwispta 
befeae and sitar upo^ing are displayed for ths ussr. Note thsTit te r«tf sjwsys pc^sjWe to 
oompara decisions, aince ths »y«t*<n »sy f© down • eWacent p**h during an update. The 
system comparaa decisions eniy W ths updata clap making the daasion is M^ff JMf# |°^P 
atop it updata*. This approach makes tents »ir<* tha«a daciaion* will tand to bjt tha moat 

important ones. 

Normally, tha oxplanatien *ystam doaa not display a conditional, statement it tha 
pradiaata pi tha statement was f **«• »nd th* st*t»fl»nl d*t not perform any ejct^ion^t^evef , 
if in tha coutm of *n updste, »o«w coocitiof^ ^ tha 

updata does not now sat thoaa yariaWas, w* must axpiein thfr to tha ysar, since thf .^§h|aa of 
tha var i a hl a s have been changed. 

As tha system performs, an updata, it pulls out sepajrete steps from (^methods. 
Maraly reciting thasa slaps could rasult in somawhat confuting explanations, sinca tha 
structur* of the i»eJhj»d|.woA|de^ 

prefaces it* explanation of aattp with ths 0»«, method thai tha fhp : .pi oarj of . A* an 
e xempli, tha axpisnstion of step 3 of tht umpia session use* tha oojajLOf ttj|-£tfJL, "lithpd 



n 

that contains the atop to state "WHILE COMPUTING THE FACTOR PHHMWilfc^v 
4 1* net profeced eince It cornea from the same method 



49 Procedure*. IHh«# 



A common crffldkm leveled by fheaa who advocala tha uaa of r ul e baa e d eyeteme 
against thos* using procadBral tyftm ft that the iH i aw a gs lii iP sdd M within piwaed e ror le 
trapped in those p t otod iire tt H cortnet be teKen out ottteta tt mo ta dUM* toiww •Haiotiora. 
Thus, they argue thai preodarei iyrt am » *• Itot hmrtbt o th e n ru l e b aae d oyat e ma. The 
pr oe«kr •««♦» r»tpood ttwt Hit <«fteu»t to impoee any atrurtoro- an » ru ta ba tad syrt s m, ao 
that Oieh rule moot tndteeta a*ettty flm* &nm&ti^**»mit* apaaeebte, Ths%they 
toy, there la no notion of being abhfte apply Kn ow mdta withi n to w i O nt i i tt. 

Recently, Oevia hat deed the neheh of rtrlKetoi to r ioe s sa l o m i ftrochra on «*fe- 
beeed eyeteme{12]. I feel thet the updating mechensm outlined in this chapter raaro a on tt a 
move toward freeing the knowledge ambadded wHWn procedure*, thereby bringing aome of 
the fhwIWHty of rula-baaed eyetemt to a procedural tystim. Nate that In normal opereHOh, 
the WL Bgltalk Advieer it ■ .tructurad proe*durrf tyrta* Thw structure ma*** If ***y to 
produce deaf eMahetiom, and carry on interview* wftW 11 * physician br an ordirty faaWon. 
Hewever, when an update la performed, the tyatem uaaa to^m**&1rmpm*4i**,-mA 
putt them together dyhamkaNy creetlhg what ie, m a aaanlaf i new procedure for updating. 
Thue, the Knowledge contained wlthm the procedure it attrartad from them and put together 
In • new way to perform a naw task. The ort|kw> rtrurtura r a w w rn, howavar, -urt^m we* 
ahown in the preceding aachon) It ah* very useful m molting a^anaHorw of the updata. 
Thua, the OWL Dujitatta Adviaor overcdmei ^-& *?*&&*&*■ W*^****. 
whHe retaining the advantage* of Its atructura. 
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A very desirable capability for any »xp»t jprol^ whrtf^ *y«t*m it the •bllity to 
explain its reasoning proc esse s . User acceptance la more eastty obtained if the user can 
assure himself that the program makes res»c«M^ deductions which result *o reasonable 
conclusions. An exjrianetion feature may #be a valuable Dadegogieal tool. Finally, It eon bo 
vory useful in debugging the problem solving system itself . 

The OVA. Digitate Adviser «on wptam, in EngH»h, Hm procedures it use* end toe action* 
they toko. It can eJeo explain bow tt§ variables are set end used. In addition, the Advisor 
aHews the user to change answers he he» given to determine Up nlfeet on the 
recommendations produced by the system; The Advisor can produra a concise explanation of 
the change* introduced by a change in an answer* The axpMnaticm are produced directly 
from the code it executes, The Advisor is structured in a iwannaf thtt attempts to model the 
understanding a cardtetegiet wouW have of ciigiteKs therapy. The system is not eeaigned to 
repteoe physicians, rather, it io de signed to assist tlmmfo p res c ri bi ng digitalis. 

5.1 Further Roeoorch 

There are a number of interesting issues involving explanation that remain unresolved. 
The OWL Digitalis Advisor can be extended in a number of ways. 

It still remains to be determined how adequate the explanations are that the Digitalis 
Advisor provides. The limited experience we have had in demonstrating the program to 
doctors and medical students indicates that they generally find the explanations 
understandable, but they are occasionally confused by some of the terms it employs. A 
clinical trial ia planned in the near future which should provide some answer to this question. 



44 

The eHnfcel Wat «houW ah* < l>» J «^ 1 i |l » > ^ ^h» ^g «fei< 'it Qw »h<icH w t 
the unr. It would be good If ttw Bfttstt* Advwar owed tetw into account a uaar*t 
sop rm tHcst ton and experience when to iwt w w ^ i MHa iii rmt l l. /»> eypionOtton 1hat la 
approprlsta for a matte* tu ds nt wl,)^ ba iw^ tad'tadww 4ar a ■ ■ ^ ■In ajrt . 

If tbs OigHefk imm la to bif^ad M ■ eU ni u a l wH l wa ^^iW Hora^faa aMa ^to as o opt 
yj a rttom from tha aaar^BmWt Ttttf | < l < 1i fc H Puf i i i li a i pi im'< i< p i i»[ I H jli i t acawr fc w a^t— totf ^wt 
throa stages. For ttw Iwwwalati future, a i wa i ls p e tii i ' id j g t l to a wwhu »o ir *m*or te the 
one used h Mretfa?} ftttaf Ww OWL aara# H li m »i Up i aH a ail, i iji fcl i f o Tf begin on • 
it»ra scwh^Heatad ondarrtandlni waauw tlwt «a«i aa m o r s p eo H i frHte w«» i ris n u in g »f 
EngReh. ¥maHy,^na aortNrtMatto swrfta eawpwt intern *wl o we d altom p fr io un dsi st eads 
; usortcen fus ls m. tt eeot d th e n use Pw medal ef th a eo n to uf ■ ilw w aa a wat a w at wu. - 

v; 'ThP f deiNNMit''eyOteie« , paw 
'■■ Trwas sxefanottom eJron lae* enotion of the imkwhI i ssown iiHurtlw acttom. That «,*• 

■ f V ;.,■■,,« -^-- -%ir, '■ rnii ffci T ■ ''owtiiiiwV it! lint'iii J i iniwT wto d* iawirn"'wirifcni itftaa wri awwoi ^^ M aA MM gaj^ ; i^^^yL b ^^ f ^ k ^|_^ H ^^ Ma ^A| Mw ^ B ji H ^ M ^ M 

" SyvlMi^Hn ^•WpWNfl^iiWR^iWPOMfP»llW^'«Ptw ? «PWpiP 5 llW ■PwJfwWwWPpoWpPW*wWle"Me*P?oWwW*^»w 

below 3.7, but tTtwram* eaplem wa y t)w» «e H »7w n aSs Hl iii fT I* lectr&7 m. en arbitrary 
f^urato»o«wdati^a,yattha«y«ta««twuWaaabwtaa«»wlnthat. R « peoswte that these 
explanations could be provided by msWng so pr ort l sa t ed ua» of • Vwdicel attarnata wodaT. 

Currently, the system can explain why it performed e p w tito l ai action. A m od fco l modal 
might aid it in arwworing the cer twsp o n d in g euesHom T*by eTdnl you T. If tha 

, 'r-s sis'? ic, i » *s j» , -»' 

medical model ware reasona b ly comp le te , the system wight b* *bw to use it to deal with new 
situations. Tha current program is quite r^id and cannot deal wtth con d tt to m that wore not 

anticipated whan tha program wot written. Soma el ttw Moos Oi v a l eps d by Cerbonatl[17] 

■i - » < - --,*;- '*,: "-* -■>< ' -■ 

might be useful in solving this prob l em. 
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